12 United States Patent

Sakata et al.

US010919160B2

US 10,919,160 B2
Feb. 16, 2021

(10) Patent No.:
45) Date of Patent:

(54) ELECTRODYNAMIC APPARATUS

(71) Applicant: Panasonic Intellectual Property
Management Co., Ltd., Osaka (JP)

(72) Inventors: Tsutomu Sakata, Osaka (IP); Eiji
Takahashi, Nara (JP); Hiroshi Kanno,
Osaka (JP); Satoru Kikuchi, Osaka
(IP)

(73) Assignee: Panasonic Intellectual Property
Management Co., Ltd, Osaka (IP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 534 days.

(21) Appl. No.: 15/397,914
(22) Filed: Jan. 4, 2017

(65) Prior Publication Data

(56) References Cited
U.S. PATENT DOCUMENTS

5,712,552 A * 1/1998 Hiral ..........oceouee.. B25J 19/0029
318/568.1
6,781,337 B2* 8/2004 Sakamoto ................ B25J9/042
318/567

(Continued)

FOREIGN PATENT DOCUMENTS

FR 2935630 Al 3/2010
JP 52-133660 A 11/1977
(Continued)

OTHER PUBLICATTONS

The Extended European Search Report dated Nov. 10, 2017 for the
related European Patent Application No. 17150919.3.

Primary Examiner — Victor L MacArthur

(74) Attorney, Agent, or Firm — Renner, Otto, Boisselle
& Sklar, LLP

(57) ABSTRACT

An electrodynamic apparatus includes a first arm extending
in a first direction, a second arm supported by the first arm,
a linear actuator that moves the second arm along the first
direction with respect to the first arm, a support extending 1n
a second direction that 1s different from the first direction
and supporting the first arm, and a rotating mechanism that
rotates the support about an axis of rotation parallel to the
second direction. The first arm includes a power transmis-
sion antenna. The second arm includes a power reception
antenna. The power transmission antenna supplies electric
power to the power reception antenna wirelessly. In rotating
the support, the linear actuator moves the center of gravity
of the second arm to the axis of rotation first, and then the
rotating mechanism rotates the support.

9 Claims, 31 Drawing Sheets

100

/

US 2017/0239822 Al Aug. 24, 2017
(30) Foreign Application Priority Data
Feb. 19, 2016 (JP) i, 2016-029441
(51) Int. CL
B25J 19/00 (2006.01)
B25J 9/04 (2006.01)
(Continued)
(52) U.S. CL
CPC ..o B25J 19/00 (2013.01); B25J 9/04
(2013.01); B25J 9/123 (2013.01); B25J
9/1664 (2013.01);
(Continued)
(58) Field of Classification Search
CPC ........ B251 19/00; B25J 19/0045; B23J 18/02;
B25]J 9/1664; B251 9/04; B25] 9/123;
(Continued)
10
14
20

60




US 10,919,160 B2

(1)

(52)

(58)

(56)

2007/0137372 Al

Page 2
Int. CL 2011/0084658 Al*  4/2011
B235J 9/16 (2006.01)
B25T 18/07 (2006.01) 2011/0114400 Al*  5/2011
HO2J 50/10 (2016.01) 2011/0114401 Al*  5/2011
B25J 9/12 (2006.01)
HO2K 7/06 (2006.01) 2011/0241437 Al* 10/2011
U.S. ClL .
CPC .......... B25J 18/02 (2013.01); B25J 19/0045 201170248573 Al* 1072011
(2013.01); HO2J 50/10 (2016.02); HO2K 706 015/0001496 AL* 1701
(2013.01)
Field of Classification Search 2012/0001497 Al1* 12012
CPC ...... B25J 19/0008; B25J 19/0004; B25J 9/12; 5014/0084600 A | 29014
HO2K 7/06; HO2J 50/10 2016/0072308 Al*  3/2016

See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

6/2007 Devengenzo et al.

2010/0109445 Al* 5/2010 Kurs ......covvvvnvnn HO02J 50/80
307/104
2010/0141042 Al* 6/2010 Kesler .........cccoovvno, HO02J 50/80
307/104

— < < T

2018/0299838 Al* 10/2018

Yamamoto .............. B60L 5/005
320/108
Kanno .................... HO2J 5/005
180/65.21
Kanno .................... B60L 53/12
180/65.21
Kanno .................... HO2J 50/12
307/104
Kanno ................ HOILF 27/2823
307/104
Yamamoto .............. HO02J 50/00
307/104
Sada .....oooeviiiiinnn, HO2J 5/005
307/104

Sugino et al.
Nyberg ........coovveneee. B64C 27/04
307/104
Ueda .....ooooovviien HO2P 29/00

FOREIGN PATENT DOCUMENTS

57-201189 A

2-218578 A

7-100786 A
2014-187777 A
2015-104764

* cited by examiner

12/1982
8/1990
4/1995

10/2014
6/2015



U.S. Patent Feb. 16, 2021 Sheet 1 of 31 US 10,919,160 B2

FIG. 1A
G 270
el
e
FIG. 1B 1 270
) | = AT
: L.‘-ﬂl"
250 __FOLDING
SHELF BOARD
FIG. 1C




U.S. Patent Feb. 16, 2021 Sheet 2 of 31 US 10,919,160 B2

7260

FIG. 2B

270




U.S. Patent Feb. 16, 2021 Sheet 3 of 31 US 10,919,160 B2

FIG. 3A

...........

280

280

\__.



U.S. Patent Feb. 16, 2021 Sheet 4 of 31 US 10,919,160 B2

FIG. 4
/ 00
10 .
14 29 20 90
. _ 24
—— Sy
_ Ce——¥
50 .
12 30

80

Ti—
|

60




U.S. Patent Feb. 16, 2021 Sheet 5 of 31 US 10,919,160 B2

FIG. 5

WALL




US 10,919,160 B2

Sheet 6 of 31

Feb. 16, 2021

U.S. Patent




U.S. Patent Feb. 16, 2021 Sheet 7 of 31 US 10,919,160 B2

FIG. 7A

10 20

=
= nnnNAARNNRARRNNAARRRAARN

37 31}
30
FIG. 7B
10

20




U.S. Patent Feb. 16, 2021 Sheet 8 of 31 US 10,919,160 B2

FIG. 8A

12a 222
7
y Y
FIG. 8B
2924 20
..d5iiii!!!!!!!!!!=il£!!!!lll
12a 10
7
Y



U.S. Patent Feb. 16, 2021 Sheet 9 of 31 US 10,919,160 B2

FIG. 9A
/
10 22a | Y 1 0 20 90
12a ' | '
. O] |y

) T T I I I I L] ] L] E 1 T I I I I I L] ] L} T T I I I I I L] ] E ] E | | L | I I L] L] S L] A

FI1G. 9B

/

t—» Y MOMENT 20




U.S. Patent Feb. 16, 2021 Sheet 10 of 31 US 10,919,160 B2

FIG. 9C
‘- Y
MOMENT 90
LOAD
[———
2a 2a

10




U.S. Patent Feb. 16, 2021 Sheet 11 of 31 US 10,919,160 B2

FIG. 10

COEFFICIENT OF COUPLING

/
L»Y NS
12a 22a
__ - .~
LT




US 10,919,160 B2

Sheet 12 of 31

Feb. 16, 2021

U.S. Patent

INJNFONVHEY
d4MOd

J0IAJ0
JOVHOLS
Oll-INERE

ddLLINSNVYL
3015 NOILd40dd
ddMOd

119410 104 1INOO

NOILd49dd

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Vel Dld

11119410
a41a4AN|

(OLOW)
HOL1VNLOY

aVvVdaNI |

d4AIF0dd 4dIS
NOISSINSNVY L
ddMOd
P |

LINJAID TOHLINOJD
NOISSINSNVY L
ddMOd

|

11NV

1Nd1n0 351Nd
av 1

eyl

J0dMN0S
d4MOd



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

US 10,919,160 B2

w (OLOW) SR -

m 4O LYN10V o - [¥3ANTOI™IAIS |

“ 4VINI - p-bo---—-1-ml NOISSIASNVHL | |

m o m ddMOd -

1 N L -

|| [_93LLOWNSNYSEL |0 ¢ - [DNDYID 109INOD] ¢
= | [ 1| 30IS NOILFDTY fi------+-- | NOISSINSNWYL | |
- || 4IMOJ o m 4IMOJ -
- INTFWIONVEEY |+ 1| |1 O% o ) .
. SO | | i oownToemon] L L m |
3 | A m LINDYID |
7 ] NQddDdd e - |1NdIn03SInd| |
= _ i LINDYID 1] 309N0S
3 T e e
: o VT e Bk
- L Ty T - e m

m ¢C m Gl !

= MU |||||||||||||||||||||||||| - ||||\|u|||||||||||||||||||||||||||||||_

0¢ 0}
dc¢l 9l

U.S. Patent



U.S. Patent Feb. 16, 2021 Sheet 14 of 31 US 10,919,160 B2

wl

M I L AEE I SEE IED AEE DS B S -
- e T ey il el S A S S -



U.S. Patent Feb. 16, 2021 Sheet 15 of 31 US 10,919,160 B2

FIG. 14A

!

PULSE OUTPUT | 14P
CIRCUIT
POWER TRANSMISSION] 14¢
CONTROL CIRCUIT_ [



U.S. Patent Feb. 16, 2021 Sheet 16 of 31 US 10,919,160 B2

FIG. 14B

e e wpepy amy s bk el Gl Wl - A Y O B B B O s

—
N

<
o

PULSE OUTPUT 14b
CIRCUIT
POWER TRANSMISSION] 14¢
CONTROL CIRCUIT

&
F



US 10,919,160 B2

243

7

Sheet 17 of 31
Y

FIG. 15

Feb. 16, 2021

U.S. Patent

W R el N N Al R T el A N R L SN A PR WS N A R TR R

FIG. 16

100

80

40~
50




U.S. Patent Feb. 16, 2021 Sheet 18 of 31 US 10,919,160 B2

FIG. 17

100

10

WALL




U.S. Patent Feb. 16, 2021 Sheet 19 of 31 US 10,919,160 B2

o0

10 90

40 .
I Y —
|Il—'iii_._-.’

Il 80




U.S. Patent Feb. 16, 2021 Sheet 20 of 31 US 10,919,160 B2

FIG. 19A
_____________________________________ ‘
|
13a 13a |
|
_ o
0 011
Nes
LIGHT }
OBJECT ‘
HEAVY
OBJECT |
|
| |
524 52a }
|
|
|
e
FIG. 19B
_____________________________________ ‘
13 3a }
| |
i ‘ ‘
H 0 _ 1T
LIGHT ' \
OBJECT ' \
HEAVY |
OBJECT }
|
| |
| |
H2a v2a |
|
|
|




U.S. Patent Feb. 16, 2021 Sheet 21 of 31 US 10,919,160 B2

FIG. 20
100
13 N J
— - 20 90
40 . .
l | 0 O —F 7
R - = /1B Qo
50 '
16 14 >, 24 of
54 50




@\
aa e
= "
= m (MOLON)
N | HOLYNLOY
= : AT
= " [HOLOW) :
- m HOLYLOY :
B e — “ e i
AN REEEE TR S I INETTEGENES
- o--m NOISSINSNWAL | ! - NOISSINSNWAL |
_ S SR d4MOd “ SRR 4IM0d |
2 ¥ P L S L R 7
o poommmmmeeee—-o LU GILONONYRL |0 40 ¢ [INOYD0NINGD) || | [ SALLWSNVEL |4 i ¢ ¢ [INOdI0 108INOJ
N | S NOLGIOR Fr---++-+ ¢ [ NOISSINSNWAL | | | | ] 3OS NOLBO Fr---44--* 1 | NOISSINSNWAL
s S = L = O R R NN S 0
7H »zmﬁ%%z% BT T ]199) oS
m YT ORIl A A s O T OB Tl AR N A e
5 i NG b [indinossing] (| NERE B [Indino 35ind
S 4 SRt NP | INITNE £
= [ om0 H+ g SN - _ 1y SN
S | oS 1IN0y 3 1INOYI = ] 1IN0YI
16 | Bk | :
T YT " I N Lo :
06 m 7] vl X
| o e o s _Hi;JHH% ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; _r;;JUUN ;;;;;;;;;;;;;;;;;;;;;;;;
0l 05

U.S. Patent

WAL g M e WL MGG MGG MR il i o g R A ML MM ik ik ghlgh gl eefy ki ik kil AL e g el WL WAL R ML i pphph Mok b AL e ki ejejes  kiph R A M MM M sl Al Wil e Ay g AR A W

b BE B I T ]

30dN0S
dIMOd



U.S. Patent Feb. 16, 2021 Sheet 23 of 31 US 10,919,160 B2

FIG. 22

o0

60



U.S. Patent Feb. 16, 2021 Sheet 24 of 31 US 10,919,160 B2

FIG. 23A

10 20

) >

90
60B '@‘l
_ [ & \
20 60C
S
60
FIG. 23B
/10

60B r\
NI 90
A




U.S. Patent Feb. 16, 2021 Sheet 25 of 31 US 10,919,160 B2

FIG. 23C

A .

60C

FIG. 23D

10

(i - d 90

- Oice

N 608

60C
50~

60



U.S. Patent Feb. 16, 2021 Sheet 26 of 31 US 10,919,160 B2

FIG. 24

100

ine

19

' 7
CONTRO
| ]\6 CIRCUIT]/ |
\ Y

90~




U.S. Patent Feb. 16, 2021 Sheet 27 of 31 US 10,919,160 B2

FIG. 25
INITIAL STATE
RETRACT
ROTATE
B
EXTEND _ . b A
0




U.S. Patent

Feb. 16, 2021 Sheet 28 of 31

FIG. 26

START

GRIP OBJECT

RETRACT MOVABLE ARM 20

ROTATE ARMS 10 AND 20

EXTEND MOVABLE ARM 20

RELEASE OBJECT

END

51071

5102

5103

5104

5105

US 10,919,160 B2



U.S. Patent Feb. 16, 2021 Sheet 29 of 31 US 10,919,160 B2

FIG. 27 ‘7/100
10 30
on % 20 90
N _ _
60 ~l';-r
50 ;
150
I W
FIG. 28

o— .

-

O

-
s s e e wk

s A

20




U.S. Patent Feb. 16, 2021 Sheet 30 of 31 US 10,919,160 B2

FIG. 29A
‘ 1L
10
[ |30
“:/20 L
J0 l—»Y
| WAL X
FIG. 29B

90

———_——————_——_————————————————————————a



U.S. Patent Feb. 16, 2021 Sheet 31 of 31 US 10,919,160 B2

FIG. 30A

1

90 I
Gy
WALL i Y

FI1G. 30B

)

o~ MOMENT \
, MOMENT Sy
‘? LOAD
7

| L .




US 10,919,160 B2

1
ELECTRODYNAMIC APPARATUS

BACKGROUND

1. Technical Field

The present disclosure relates to an electrodynamic appa-
ratus including an arm.

2. Description of the Related Art

An electrodynamic apparatus (such as a robot hand appa-
ratus) 1s currently under development that performs various
operations with use of an end eflector connected to a distal
end of one or more arms. Such an electrodynamic apparatus
1s used 1n various types of work such as the carriage of goods
in a factory.

Japanese Unexamined Patent Application Publication No.
2015-1047764 discloses a vertical articulated robot apparatus
in which a plurality of arms are serially joined via a plurality
ol rotatable joints. In this robot apparatus, electric power 1s
supplied via a cable to rotating mechamsms provided 1n the
joints and an end eflector connected to a distal end of the
arms.

In the conventional art, the presence of the cable i the
movable parts of the arms 1imposes restrictions on the range
of motion of the end eflector. Furthermore, 1t 1s desirable that
loads on the rotating mechanisms be reduced 1n performing
an operation of rotating the arms.

SUMMARY

One non-limiting and exemplary embodiment provides an
clectrodynamic apparatus including a novel structure that
may solve the aforementioned problems.

In one general aspect, the techniques disclosed here
feature an electrodynamic apparatus including: a first arm
extending 1n a {irst direction; a second arm supported by the
first arm; a linear actuator that is provided 1n the first arm or
the second arm and moves the second arm along the first
direction with respect to the first arm; a support extending 1n
a second direction that 1s different from the first direction
and supporting the first arm; and a rotating mechanism that
rotates the support about an axis of rotation parallel to the
second direction, wherein the first arm includes a power
transmission antenna, the second arm includes a power
reception antenna, the power transmission antenna supplies
clectric power to the power reception antenna wirelessly, the
power reception antenna supplies the supplied electric
power to a load electrically connected to the power reception
antenna, and 1n rotating the support, the linear actuator
moves the center of gravity of the second arm to the axis of
rotation {irst, and then the rotating mechanism rotates the
support.

In the aspect of the present disclosure, wireless power
transmission via the power transmission antenna and the
power reception antenna 1s performed between the first arm
and the second arm or between the support and the arm. This
makes 1t possible to ease restrictions on the range of motion
of an end eflector. Furthermore, 1n rotating the first arm or
the support, a rotating operation 1s started after the center of
gravity ol the second arm has been moved to the axis of
rotation. This makes 1t possible to reduce the torque needed
for the rotation.

It should be noted that general or specific embodiments
may be implemented as a system, a method, an integrated
circuit, a computer program, a storage medium, or any
selective combination thereof.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification

10

15

20

25

30

35

40

45

50

55

60

65

2

and drawings. The benefits and/or advantages may be 1ndi-
vidually obtained by the various embodiments and features

of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a diagram schematically showing an example
(Comparative Example 1) of a vertical articulated robot;

FIG. 1B 1s a diagram showing an example of a state
where, 1n Comparative Example 1, a hand 1s close to a
support with arms folded;

FIG. 1C 1s a diagram showing a problem of Comparative
Example 1;

FIG. 2A 1s a diagram schematically showing an example
(Comparative Example 2) of a robot including a mechanism
that extends and retracts arms;

FIG. 2B 1s a diagram showing a problem of Comparative
Example 2;

FIG. 3A 1s a diagram schematically showing an example
(Comparative Example 3) of a robot including a mechanism
that moves an arm 1n a direction that a support extends;

FIG. 3B 1s a diagram showing a problem of Comparative
Example 3;

FIG. 4 1s a diagram schematically showing a configura-
tion of an electrodynamic apparatus according to Embodi-
ment 1 of the present disclosure;

FIG. 5 1s a diagram showing another example of place-
ment of the electrodynamic apparatus according to Embodi-
ment 1 of the present disclosure;

FIG. 6 1s a diagram showing configurations of a first arm
and a second arm 1n more detail;

FIG. 7A 1s a diagram showing an example configuration
of a linear actuator;

FIG. 7B 1s a diagram showing another example configu-
ration of a linear actuator;

FIG. 8A 1s a diagram showing a positional relationship
between a power transmission coil and a power reception
coil according to Embodiment 1;

FIG. 8B 1s a diagram showing an example 1n which a
power transmission surface of the power transmission coil
and a power reception surface of the power reception coil are
parallel to a honizontal plane (i.e. perpendicular to the
direction of gravitational force);

FIG. 9A 1s a diagram schematically showing an eflfect of
extension of the second arm 1n the configuration shown 1n
FIG. 8A;

FIG. 9B 1s a first diagram showing the direction of the
moment ol a force produced by a load;

FIG. 9C 15 a second diagram showing the direction of the
moment of the force produced by the load;

FIG. 9D 1s a diagram schematically showing an eflfect of
extension of the second arm 1n the configuration shown 1n
FIG. 8B;

FIG. 10 15 a graph showing an example of a change 1n the
coupling coeflicient as a function of an amount of extension
of the second arm 1n each of the configurations of FIGS. 9A
and 9D;

FIG. 11 1s a diagram showing another example of an
clectrodynamic apparatus;

FIG. 12A 1s a block diagram showing an example of a
circuit configuration of the electrodynamic apparatus;

FIG. 12B 1s a diagram showing another example
circuit configuration of the electrodynamic apparatus;

FIG. 13 1s a diagram showing equivalent circuits of a
power transmission antenna and a power reception antenna;

of a
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FIG. 14 A 1s a diagram showing an example configuration
of an 1nverter circuit;

FI1G. 14B 1s a diagram showing another example configu-
ration of the inverter circuit;

FI1G. 15 1s a diagram showing an example configuration of °

a rectifier circuit;

FIG. 16 1s a diagram showing a configuration of an
clectrodynamic apparatus according to Embodiment 2 of the
present disclosure;

FIG. 17 1s a diagram showing another example of place-
ment of the electrodynamic apparatus according to Embodi-
ment 2 of the present disclosure;

FIG. 18 1s a diagram showing configurations of a support
and an arm according to Embodiment 2 in more detail;

FIG. 19A 1s a diagram showing an eflect of a change in
a load applied to the arm 1n the configuration of Embodiment
2;

FIG. 19B i1s a diagram showing an eflect of a change in

a load applied to the arm 1n a configuration of a modification
of Embodiment 2;

FIG. 20 1s a diagram showing the modification of
Embodiment 2;:

FI1G. 21 1s a block diagram showing a configuration of the
clectrodynamic apparatus shown 1n FIG. 20;

FIG. 22 1s a diagram showing an example of an electro-
dynamic apparatus including a second rotating mechanism;

FIG. 23A 1s a diagram showing an example in which the
second arm includes a plurality of parts joined via joints
(rotating mechanisms);

FIG. 23B 1s a diagram showing an example in which the
second arm includes a plurality of parts joined via a joint and
has a telescopic mechanism at a distal end thereof;

FI1G. 23C 1s a diagram showing an example in which the
second arm includes a plurality of parts joined via joints;

FIG. 23D 1s a diagram showing an example in which there
1s no telescopic mechanism between the first arm and the
second arm but the second arm has joints;

FIG. 24 1s a diagram schematically showing a configu-
ration of an electrodynamic apparatus according to Embodi-
ment 3 of the present disclosure;

FIG. 25 1s a conceptual diagram schematically showing
an operation according to Embodiment 3;

FIG. 26 1s a flow chart showing steps of instructions that
a control circuit gives to the electrodynamic apparatus
according to Embodiment 3;

FIG. 27 1s a diagram schematically showing a configu-
ration of an electrodynamic apparatus according to Embodi-
ment 4 of the present disclosure;

FI1G. 28 1s a diagram showing another embodiment of the
present disclosure;

FIG. 29A 1s a diagram showing an example of a change
in orientation of placement of the electrodynamic apparatus
according to Embodiment 3;

FIG. 29B 1s a diagram showing the direction of the

moment of a force produced by a load 1n the example
configuration of FIG. 29A;

FIG. 30A 1s a diagram showing an example of a change
in orientation of placement of the electrodynamic apparatus
according to Embodiment 4; and

FIG. 30B 1s a diagram showing the direction of the
moment of a force produced by a load 1n the example
configuration of FIG. 30A.
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4
DETAILED DESCRIPTION

Underlying Knowledge Forming Basis of the Present Dis-
closure

Prior to a description of embodiments of the present
disclosure, underlying knowledge forming the basis of the
present disclosure 1s described.

The iventors found the following problems with the
conventional robot apparatus described 1 section 2.
Description of the Related Art”.

FIG. 1A 1s a diagram schematically showing an example
(Comparative Example 1) of a vertical articulated robot.
This robot includes a support 250, two arms 210 supported
by the support 250, and a hand (end efiector) 270 connected
to a distal end of the arms 210. The support 250, the two
arms 210, and the hand 270 are senally joined via a plurality
of rotatable joints 230. The support 250 1s supported by a
rotating mechanism 260 and can rotate about an axis extend-
ing 1n a vertical direction. Electric power 1s supplied from a

power source (not 1llustrated) via a cable to motors provided
in the joints 230 and in the hand 270.

Such a vertical articulated robot can move the hand 270
by folding the arms 210 by rotating the joints 230. FIG. 1B
shows an example of a state where the hand 270 1s close to
the support 250 with the arms 210 folded. In this state, there
appears a folding region formed by the arms 210 being
folded. This requires a larger space for installation, thus
undesirably restricting the range of motion of the hand 270.

FIG. 1C 1s a diagram showing this problem. In the
example illustrated, the hand 270 1s going to grip an article
on a shelf and move it to another place. Putting the hand 270
into the back of the shelf causes the folding region of the
arms 210 and the shelf board to interfere with each other.
This interference makes the hand 270 unable to reach the
innermost part of the shelf. This makes it impossible to make
tull use of the length of the arms 210.

It 1s concervable that such a problem may be solved by a
configuration in which the hand 270 1s moved backward and
forward by a direct-acting mechanism instead of a rotation
mechanism.

FIG. 2A 1s a diagram schematically showing an example
(Comparative Example 2) of a robot having such a configu-
ration. This robot has two arms 210 joined via a linear
actuator (direct-acting mechanism) instead of a joint (rotat-
ing mechanism). This makes it possible to extend and retract
the arms 210 and move the hand 270 backward and forward.
The linear actuator provided in the arms 210 and the hand
270 provided at a distal end of the arms 210 are supplied
with electric power via a cable 280 extending from a power
source (not illustrated). Besides electric power, for example,
control signals for controlling the linear actuator and the
motor provided 1n the hand 270 are transmitted via the cable
280.

The mtroduction of such an extendable arm mechanism
allows the hand 270 to reach the innermost part of the shelf
without causing the arms 210 and the shelf board to interfere
with each other. However, 1n the structure of this compara-
tive example, as shown 1n FIG. 2B, the cable 280 and the
shell board may interfere with each other when the arms 210
retract. Furthermore, repetitive bending of the cable 280
may cause the cable 280 to deteriorate or break.

A similar problem occurs 1n a configuration shown in FIG.
3A, too.

FIG. 3A 1s a diagram schematically showing an example
(Comparative Example 3) of a robot including a mechanism
that moves an arm 210 1n a direction that the support 2350
extends. This robot has a linear actuator that causes an arm
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210 supported by the support 250 to move along the direc-
tion that the support 250 extends. This allows the arm 210
to move upward and downward. In this example, too, a cable
280 1s provided via which electric power 1s supplied from a
power source (not 1llustrated) to the linear actuator and the

hand 270.

The mtroduction of such a directly-acting arm mechanism
allows the hand 270 to move parallel to an open face of the
shelf. That 1s, the hand 270 can be positioned with a single
degree of freedom while keeping some distance to the shelf.
However, 1n thus example, too, as shown i FIG. 3B, the
cable 280 may interfere with the floor. Repetitive interfer-
ence and bending of the cable 280 may undesirably cause the
cable 280 to deteriorate and break.

The inventors found the aforementioned problems in
Comparative Examples 1 to 3 and studied configurations for
solving these problems. The mventors found that the afore-
mentioned problems can be solved by eliminating the cable
from the place where the two arms 210 are joined or the
place where the support 250 and an arm 210 are joined.

Based on the foregoing consideration, the mnventors have
conceived of the following aspects of the present disclosure.

An electrodynamic apparatus according to an aspect of
the present disclosure includes:

a first arm extending 1n a first direction;

a second arm supported by the first arm;

a first linear actuator that 1s provided in the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

wherein the first arm includes a first power transmission

antenna,
the second arm includes a first power reception antenna,
the first power transmission antenna supplies electric

power to the first power reception antenna wirelessly,
and

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
first power reception antenna.

According to the aspect, the first arm includes a first

power fransmission antenna,

the second arm includes a first power reception antenna,

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly,
and

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
first power reception antenna.

This makes 1t possible to eliminate a cable via which
clectric power 1s transmitted between the first arm and the
second arm. This in turn makes it possible to ease restric-
tions on the range of motion of an end eflector. Further, as
described with reference to FIGS. 2A and 2B, the presence
of the cable in the movable parts of the arms makes it
possible to solve the problem of interference between the
cable and another object (such as a shelf or the ground) or
of cable deterioration or breakage. This makes it possible to
climinate the need for maintenance such as regular replace-
ment of cables or lessen the frequency of such maintenance.

An electrodynamic apparatus according to another aspect
of the present disclosure includes: an arm extending 1n a {irst
direction;

a support extending 1n a second direction that 1s diflerent

from the first direction and supporting the arm; and

a linear actuator that i1s provided in at least either the
support or the arm and moves the arm along the second
direction,
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wherein the support includes a power transmission
antenna,

the arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly, and

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna.

According to the aspect, the support includes a power

transmission antenna,

the arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly, and

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna.

This makes 1t possible to eliminate a cable via which
clectric power 1s transmitted between the support and the
arm. This in turn makes 1t possible to ease restrictions on the
range of motion of an end eflector. Further, thus makes 1t
possible to solve the problem of cable deterioration or
breakage described with reference to FIGS. 3A and 3B. This
makes it possible to eliminate the need for maintenance such
as regular replacement of cables or lessen the frequency of
such maintenance.

An electrodynamic apparatus according to another aspect
ol the present disclosure includes: a first arm extending 1n a
first direction;

a second arm supported by the first arm;

a linear actuator that is provided in the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

a support extending 1n a second direction that 1s diflerent
from the first direction and supporting the first arm; and

a rotating mechanism that rotates the support about an
ax1is of rotation parallel to the second direction,

wherein the first arm includes a power transmission
antenna,

the second arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly,

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna, and

in rotating the support, the linear actuator moves the
center of gravity of the second arm closer to the axis of
rotation first, and then the rotating mechanism rotates
the support.

According to the aspect, the first arm includes a power

transmission antenna,

the second arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly, and

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna.

This makes i1t possible to eliminate a cable via which
clectric power 1s transmitted between the first arm and the
second arm. This in turn makes it possible to ease restric-
tions on the range of motion of an end effector. Further, this
makes it possible to solve the problem of cable deterioration
or breakage described with reference to FIGS. 2A and 2B.
This makes 1t possible to eliminate the need for maintenance
such as regular replacement of cables or lessen the fre-
quency ol such maintenance.

Furthermore, according the aspect, in rotating the support,
the linear actuator moves the center of gravity of the second

e
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arm closer to the axis of rotation first, and then the rotating
mechanism rotates the support.

This reduces the acceleration and deceleration torque
needed for the rotation, thus making 1t possible to reduce the
load on the rotating mechanism (such as a motor). Further,
this makes 1t possible to reduce the amount of space needed
for the rotation of the second arm and an end eflector
provided at a distal end of the second arm.

An electrodynamic apparatus according to another aspect
of the present disclosure includes: a support;

a rotating mechamsm that 1s supported by the support and

rotates about an axis of rotation;

a first arm that extends 1n a first direction, 1s coupled to the
rotating mechanism, and rotates about the axis of
rotation;

a second arm supported by the first arm;

a linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm,

wherein the first arm 1ncludes a power transmission

antenna,
the second arm includes a power reception antenna,
the power transmission antenna supplies electric power to

the power reception antenna wirelessly,

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna, and

in rotating the first arm, the linear actuator moves the
center of gravity of the second arm closer to the axis of
rotation first, and then the rotating mechanism rotates
the first arm.

According to the aspect, the first arm includes a power

transmission antenna,

the second arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly, and

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna

This makes 1t possible to eliminate a cable via which
clectric power 1s transmitted between the first arm and the
second arm. This 1n turn makes it possible to ease restric-
tions on the range of motion of an end eflector. Further, this
makes 1t possible to solve the problem of cable deterioration
or breakage described with reference to FIGS. 2A and 2B.
This makes 1t possible to eliminate the need for maintenance
such as regular replacement of cables or lessen the fre-
quency of such maintenance.

Furthermore, according the aspect, in rotating the first
arm, the linear actuator moves the center of gravity of the
second arm closer to the axis of rotation first, and then the
rotating mechanism rotates the first arm.

This reduces the acceleration and deceleration torque
needed for the rotation, thus making 1t possible to reduce the
load on the rotating mechanism (such as a motor). Further,
this makes it possible to reduce the amount of space needed
for the rotation of the second arm and an end eflfector
provided at a distal end of the second arm.

More specific embodiments of the present disclosure are
described below. Note, however, that an excessively detailed
description may be omitted. For example, a detailed descrip-
tion of an already well-known matter and a repeated descrip-
tion of substantially 1dentical components may be omitted.
This 1s mntended to avoid unnecessary redundancies of the
following description and facilitate understanding of per-
sons skilled 1n the art. It should be noted that the inventors
provide the accompanying drawings and the following
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description so that persons skilled in the art can fully
understand the present disclosure, and that the accompany-
ing drawings and the following description are not intended
to limit the subject matters recited in the claims. In the
following description, i1dentical or similar constituent ele-
ments are given the same reference numerals.

Embodiment 1

FIG. 4 1s a diagram schematically showing a configura-
tion of an electrodynamic apparatus 100 according to
Embodiment 1 of the present disclosure. The electrody-
namic apparatus 100 1s a robot hand apparatus that 1s used,
for example, 1n the carriage of goods 1n a factory.

The following description uses XY 7 coordinates indicat-
ing X, Y, and X directions that are orthogonal to one another.
The X axis and the Y axis are set parallel to a horizontal
plane, and the Z axis 1s set in a vertical direction. The
coordinate system illustrated 1s set for convenience of
description and not intended to restrict the position and
orientation 1 which an apparatus according to an embodi-
ment of the present disclosure 1s actually used. Further, the
shape and size of the whole or part of a structure illustrated
are not intended to restrict the actual shape and size, either.

The electrodynamic apparatus 100 according to Embodi-
ment 1 includes a first arm 10 extending 1n a first direction
(which 1s the Y direction in the example shown 1n FIG. 4),
a second arm 20 supported by the first arm 10, and a linear
actuator (direct-acting mechanism; not illustrated). As will
be described later, the linear actuator 1s provided 1n the first
arm 10 or the second arm 20. The linear actuator moves the
second arm 20 along the first direction (Y direction) with
respect to the first arm 10. This makes 1t possible to increase
and reduce the whole length of the arms 10 and 20. In the
tollowing description, the first arm 10 may be referred to as
“fixed arm”, and the second arm 20 may be referred to as
“movable arm”.

The first arm 10 includes a power transmission antenna
12, and the second arm 20 includes a power reception
antenna 22. Electric power 1s supplied from the power
transmission antenna 12 to the power reception antenna 22
wirelessly. In Embodiment 1, the first arm 10 and the second
arm 20 are not connected via a cable.

The electrodynamic apparatus 100 further includes a
support 50 that supports the first arm 10. The support 50
extends 1n a second direction (which 1s the Z direction 1n the
example shown in FIG. 4) that 1s different from the first
direction (Y direction). The first direction and the second
direction do not need to be orthogonal to each other. The
support 50 1s supported by a rotating mechanism 60. The
rotating mechanism 60 includes a motor, and the motor
produces a turning force that causes the support 50 to rotate
about an axis parallel to the second direction (7 direction).
This allows an end effector 90 to make a rotational move-
ment centered at the support 50.

The end eflector 90 1s attached to a distal end of the
second arm 20. The end eflector 90 1s electrically connected
to the power transmission antenna 22 of the second arm 20.
In Embodiment 1, the end effector 90 1s a robot hand and has
a mechamsm that grips an article. In addition to the mecha-
nism that grips an object, the end eflector 90 may have
another mechamism, e.g. a mechanism that rotates or extends
and retracts the end eflector 90. The end eflector 90 1s not
limited to a hand, but may for example be a drll. In addition
to a power arrangement such as a motor, the end eflector 90
may include another device such as a camera, a sensor, and
a light source. The end eflector 90 may be any device that
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operates on electric power. The end eflector 90 can be
detached from the second arm 20 and replaced by another
end effector.

The end eflector 90 1s an example of a load 1n the present
disclosure. The term “load” herein means any device that
operates on electric power. The term “load” encompasses a
device such as a motor, a camera (1mage pickup device), a
light source, a secondary battery, and an electronic circuit
(e.g. a power converter circuit or a microcontroller). The
term “load electrically connected to a power reception
antenna” herein means the whole or part of a device that 1s
connected to a stage following the power transmission
antenna (1.¢. to the distal end) and can receive electric power
from the power reception antenna.

The electrodynamic apparatus 100 further includes a
power transmission circuit 14 and a power reception circuit
24. The power transmission circuit 14 1s connected between
a power source (not i1llustrated) and the power transmission
antenna 12 via a cable 80. The power reception circuit 24 1s
connected between the power reception antenna 22 and the
end eflector 90 via the cable 80. The power transmission
circuit 14 includes an mverter circuit that supplies AC power
to the power transmission antenna 12. The power reception
circuit 24 includes a rectifier circuit (rectifier) that converts
AC power supplied from the power reception antenna 22
into DC power and output the DC power to the end eflector
90. Configurations of the power transmission circuit 14 and
the power reception circuit 24 will be described later.

In Embodiment 1, the power transmission antenna 12 and
the power reception antenna 22 are elements that transmit
clectric power wirelessly. The power transmission antenna
12 includes a power transmission coil, and the power
reception antenna 22 includes a power reception coil. Elec-
tromagnetic coupling between the power transmission coil
and the power reception coil causes electric power to be
transmitted from the power transmission coil to the power
reception coil wirelessly. More specifically, magnetic field
coupling (electromagnetic induction or resonant magnetic
field coupling) between the power transmission coil and the
power reception coil causes electric power to be transmitted
from the power transmission coil to the power reception coil
wirelessly. The AC power from the inverter circuit provided
in the power transmission circuit 14 1s supplied to the power
transmission coil. This AC power causes the power trans-
mission coil to generate a magnetic field that causes electric
power to be transmitted to the power reception coil.

It should be noted that the power transmission antenna 12
and the power reception antenna 22 may transmit electric
power wirelessly by electric field coupling (capacitive cou-
pling) 1nstead of magnetic field coupling. In wireless power
transmission based on electric field coupling, each of the
antennas may include a pair of flat electrodes and a resonant
circuit including an mductor and a capacitor. Electric power
can be transmitted to a pair of power reception electrodes
wirelessly by causing the pair of power reception electrodes
to face a pair of power transmission electrodes and supply-
ing AC power to the pair of power transmission electrodes.

The electric power supplied from the power transmission
antenna 12 1s supplied by the power reception antenna 22 to
the end effector 90 via the power transmission circuit 24,
This causes a plurality of motors provided 1n the end effector
90 to be driven to enable an operation.

In FIG. 4, the electrodynamic apparatus 100 1s configured
such that the direction (first direction) that the arms 10 and
20 extend 1s parallel to the horizontal plane and the direction
(second direction) that the support 50 extends 1s perpen-
dicular to the horizontal plane. However, the electrodynamic
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apparatus 100 1s not limited to this configuration. For
example, as shown in FIG. 3, the electrodynamic apparatus
100 may be configured such that the first direction 1s
perpendicular to the horizontal plane and the second direc-
tion 1s parallel to the horizontal plane.

FIG. 6 1s a diagram showing configurations of the first
arm 10 and the second arm 20 1n more detail. In the
following description, the first arm 10 and the second arm 20
may be referred to collectively as “telescopic arm 110”. The
telescopic arm 110 may be distributed alone independently
of the end effector 90 and the support 50. That 1s, an
clectrodynamic apparatus of the present disclosure does not
need to mclude a support 50, a rotating mechanism 60, and
an end eflector 90.

As shown 1n FIG. 6, in Embodiment 1, the first arm 10
includes the power transmission circuit 14 and a power
transmission coil 12a connected to the power transmission
circuit 14. The second arm 20 includes a power reception
coll 22a and the power reception circuit 24, which 1s
connected to the power reception coil 22a. The power
transmission coil 12¢ has a wound wire that 1s longer in
shape 1n the first direction (Y direction) and the second
direction (7. direction) than that of the power reception coil
22a. Since the wound wire of the power transmission coil
12a 1s longer 1n the Y direction than that of the power
reception coil 22a, the power transmission coil 12a and the
power reception coil 22a are kept facing each other even
when the second arm 20 moves along the Y direction. This
makes 1t possible to transmit electric power even while
performing an operation of extending and retracting the
arms 10 and 20. It should be noted that although, in FIG. 6,
the length of the power reception coil 224 1n the first
direction (Y direction) 1s shorter than the length of the power
transmission coil 12a 1n the first direction (Y direction),
these lengths may alternatively be equal.

Although not shown 1n FIG. 6, the first arm 10 or the
second arm 20 includes the linear actuator, which moves the
second arm 20 along the Y direction with respect to the first
arm 10. The following describes example configurations of
the linear actuator.

FIG. 7A 1s a diagram showing an example configuration
of a linear actuator 30. In this example, the linear actuator 30
1s provided in the first arm 10. The linear actuator 30
includes a motor 32 and a ball screw 34. The ball screw 34
has a distal end connected to one end of the second arm 20.
The motor 32 produces a turning force that 1s transmitted to
the ball screw 34 via a plurality of gears, so that the ball
screw 34 rotates. As the ball screw 34 rotates, the second
arm 20 moves along the first direction. Such a linear actuator
30 may be provided in the second arm 20.

FIG. 7B 1s a diagram showing another example configu-
ration of a linear actuator 30. In this example, the linear
actuator 30 includes a motor 32 and a rack and pimion (a rack
36 and a pinion 38). The rack 36 1s provided on an 1nner side
surface of the first arm 10, and the motor 32 and the pinion
38 are provided at one end of the second arm 20. The motor
32 produces a turning force that 1s transmitted to the pinion
38, so that the pimion 38 rotates. As the pinion 38 rotates, the
second arm 20 moves along the first direction with respect
to the rack 36. As 1n the example shown i FIG. 7B, some
of the components of the linear actuator 30 may be provided
in the first arm 10, and the other may be provided 1n the
second arm 20. Such an embodiment, too, corresponds to an
embodiment 1n which the first arm 10 or the second arm 20
includes the linear actuator 30.
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Besides these structures, a similar function can be
achieved, for example, by using a motor and a belt. The
linear actuator 30 1s not limited to a particular structure, but
may have any structure.

FIG. 8A 1s a diagram showing a positional relationship
between the power transmission coil 12a and the power
reception coil 22a according to Embodiment 1. In FIG. 8A,
the power transmission coil 12a 1s larger in size than the
power reception coil 22a. It should be noted that although,
in FIG. 8A, the power transmission coil 12a 1s larger in size
than the power reception coil 22a, a relationship in size
between the power transmission coil 12a¢ and the power
reception coil 22aq 1s not limited to the aforementioned
relationship. Note here that the term “power transmission
surface” refers to a surface surrounded by the outside edge
of the power transmission coil 12a and the term “power
reception surface” refers to a surface surrounded by the
outside edge of the power reception coil 22a. In Embodi-
ment 1, the power transmission coil 12a and the power
reception coil 22a are disposed so that the power transmis-
sion surface and the power reception surface are parallel to
the direction of a load applied to the second arm 20 (which
1s the negative direction of the Z axis 1n the example shown
in FIG. 8A). The direction of the load varies according to
aspects of installation of the electrodynamic apparatus 100.
For example, while the direction of the load coincides with
the second direction 1n the placement of FIG. 4, the direction
of the load coincides with the first direction in the placement
of FIG. 5.

In a normal environment, the direction of the load coin-
cides with the direction of gravitational force (vertically
downward direction). However, 1n an environment where an
external field (e.g. an electric field or a magnetic field) 1s
acting besides a gravitational field, the direction of the load
1s the direction of a combination of those external forces. In
a case where a configuration of Embodiment 1 1s applied to
a robot that 1s used 1n outer space, where almost no gravi-
tation force 1s acting and an electric field or a magnetic field
1s acting, the coils are disposed so that the direction of a
torce produced by the electric field or the magnetic field 1s
parallel to the power transmission surface and the power
reception surface.

FIG. 8B 1s a diagram showing an example in which the
power transmission surface of the power transmission coil
12a and the power reception surface of the power reception
coil 22a are parallel to the horizontal plane (1.e. perpendicu-
lar to the direction of gravitational force). It should be noted
that FIG. 8B only shows those side surfaces of the first arm
10 and the second arm 20 on which the coils are provided.
The coils 12a and 22a may be disposed as shown 1n this
example. However, electric power transmission can be per-
formed more stably by disposing the coils 12a and 22a as
shown 1 FIG. 8A. This advantageous eflect 1s described
with reference to FIG. 9A to FIG. 10.

FIG. 9A 1s a diagram schematically showing an eflect of
extension of the second arm 20 1n the configuration shown
in F1G. 8A. The picture on the lett side of FIG. 9A shows the
appearance of the first arm 10 and the second arm 20 as seen
from the negative direction of the Y axis. The picture on the
right side of FIG. 9A shows a change that occurs in the
positional relationship between the coils 12a and 22a when
the second arm 20 1s extended. When the second arm 20
moves 1n the Y direction, the load applied to the second arm
20 causes the second arm 20 to tilt. This tilt becomes larger
as the second arm 20 becomes more extended and as the end
ellector 90 comes to hold a heavier article.
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FIGS. 9B and 9C show the direction of the moment of a
force produced by the load. FIG. 9B shows the appearance
of the telescopic arm 110 as seen from the positive direction
of the X axis. FIG. 9C shows the appearance of the tele-
scopic arm 110 as seen from the positive direction of the Z
axis. The direction of the moment 1s determined by the
exterior product of a position vector from the point of
generation of the moment to the position of application of
the load and a load vector. Application of a load to the end
ellector 90 provided at the distal end of the arm 20 causes
the moment of a force to be generated in the —X direction as
shown 1n FIGS. 9B and 9C. In Embodiment 1, the coils are
disposed so that the power transmission surface of the power
transmission coil 12a and the power reception surface of the
power reception coil 22a are perpendicular to the direction
of the moment. In other words, the coils are disposed so that
the power transmission surface and the power reception
surface are parallel to the direction of the load (gravitational
force). This placement causes the moment of the force
produced by the load to act so that the power reception coil
22a rotates about an axis perpendicular to the power recep-
tion surface. As a result, only an insignificant effect 1s
exerted on the state in which the coils face each other.

Thus, 1 the configuration shown in FIG. 9A, there 1s
almost no change in the distance between the power trans-
mission coil 12a and the power reception coil 22a even 1n a
case where the second arm 20 tilts. This makes 1t possible to
prevent the coupling coeflicient between the coils 12a and
22a from fluctuating.

FIG. 9D 1s a diagram schematically showing an eflfect of
extension of the second arm 20 1n the configuration shown
in FI1G. 8B. The picture on the left side of FIG. 9D shows the
appearance of the first arm 10 and the second arm 20 as seen
from the negative direction of the Y axis. The picture on the
right side of FIG. 9D shows a change that occurs in the
positional relationship between the coils 12a and 22a when
the second arm 20 1s extended. In this configuration, when
the second arm 20 1s extended, the load applied to the second
arm 20 causes a partial change in the distance between the
power transmission coil 12aq and the power reception coil
22a. This entails a change 1n the coupling coeflicient
between the power transmission coil 12a¢ and the power
reception coil 22a.

FIG. 10 15 a graph showing an example of a change 1n the
coupling coeflicient as a function of an amount of extension
of the second arm 20 in each of the configurations of FIGS.
9A and 9D. In FIG. 10, the dotted line indicates a change 1n
the coupling coeflicient in the configuration shown 1n FIG.
9D, and the solid line indicates a change 1n the coupling
coellicient in the configuration shown 1 FIG. 9A. In the
configuration of FIG. 9D, an increase in the amount of
extension of the arm 20 leads to a decrease in distance
between the coils 12aq and 22a as a whole, thus leading to an
increase 1n the coupling coeflicient. Contrary to this
example, as the amount of extension of the arm 20 becomes
larger, the distance between the coils may become larger
and, accordingly, the coupling coeflicient may become
smaller. On the other hand, in the configuration of FIG. 9A,
there 1s almost no change 1n the coupling coeflicient even
when the amount of extension of the arm 20 becomes larger.

Thus, as shown 1 FIG. 9A, a change in the coupling
coellicient that 1s entailed by extension or retraction of the
arm 20 can be prevented by disposing the coils so that the
power transmission surface and the power reception surface
are parallel to the direction of the load applied to the second
arm 20. This enables more stable electric power transmis-
S1011.
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In the example configurations shown in FIGS. 9A and 9D,
the power transmission coil 12q 1s located on an outer side,
and the power reception coil 22a 1s located on an 1nner side.
Since a metal shield 1s present on the outer side of the power
transmission coil 12a, the power reception coil 22a may be
located on an outer side, and the power transmission coil 12a
may be located on an inner side, contrary to these configu-
rations 1 which radiation of electromagnetic noise can be
prevented.

FIG. 11 1s a diagram showing an example of an electro-
dynamic apparatus 100 having such a configuration. In this
example, the second arm 20 has a portion that faces an outer
surface of the first arm 10, and the power transmission coil
22a 1s provided 1n the portion. For this reason, the power
reception coil 22a faces an outer side of the power trans-
mission coil 12a. In the example shown 1n FIG. 11, as 1n the
example shown 1n FIG. 9D, the power transmission suriace
and the power reception surface are parallel to the horizontal
plane (1.e. perpendicular to the direction of the load). How-
ever, 1n this case, too, more stable electric power transmis-
sion 1s enabled by disposing the coils so that the power
transmission surface and the power reception surface are
perpendicular to the horizontal plane (1.e. parallel to the
direction of the load).

Next, a circuit configuration of the electrodynamic appa-
ratus 100 according to Embodiment 1 1s described.

FIG. 12A 1s a block diagram showing an example of a
circuit configuration of the electrodynamic apparatus 100.
The electrodynamic apparatus 100 according to Embodi-
ment 1 can be deemed as a wireless power transmission
system 1ncluding a power transmission apparatus and a
power reception apparatus. The first arm 10 corresponds to
the power transmission apparatus, and the second arm 20
corresponds to the power reception apparatus. In the
example shown 1n FIG. 12A, the first arm 10 has its motor
provided 1n the linear actuator 30. In the following descrip-
tion, the motor of the linear actuator 30 may be referred to
simply as “linear actuator 30”.

The first arm 10 includes the power transmission circuit
14, the power transmission antenna 12, and the linear
actuator 30. The power transmission circuit 14 includes an
inverter circuit 14a, a pulse output circuit 14b, a power
transmission control circuit 14¢, and a power transmission
side recerver 14d. The pulse output circuit 145 1s for
example a gate driver circuit and supplies pulse signals to a
plurality of switching elements of the inverter circuit 14a in
response to an instruction from the power transmission
control circuit 14¢. The power transmission control circuit
14c¢ 1s an integrated circuit, such as a microcontroller,
including a memory and a processor. By the processor
executing a computer program stored 1n the memory, the
pulse output circuit 14b, the linear actuator 30, and the like
are controlled.

The nverter circuit 14a and the linear actuator 30 are
connected to an external power source 5 and receive DC
power from the power source 5. The iverter circuit 14a
converts the supplied DC power into AC power and outputs
the AC power. The linear actuator 30 1s driven by the
supplied DC power to move the second arm 20.

The power reception circuit 24 provided 1n the second
arm 20 includes a rectifier circuit 24aq, a power reception
control circuit 24b, and a power reception side transmitter
24c. The rectifier circuit 24a 1s a publicly-known rectifier
circuit such as a single-phase full-wave rectifier circuit or a
single-phase half-wave rectifier circuit. The rectifier circuit
24a converts AC power outputted from the power the power
reception antenna 22 mto DC power and outputs the DC
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power. The power reception control circuit 245 measures the
value of the DC voltage outputted from the rectifier circuit
24a and gives the power reception side transmitter 24¢ an
instruction for transmission.

The power reception side transmitter 24¢ transmits, to the
power transmission side receiver 14d, information needed
for electric power transmission. Such information may for
example be information indicating the value of power or
voltage that 1s supplied to the end effector 90. In response to
the information, the power transmission control circuit 14c¢
performs feedback control, for example, to keep constant
voltage being supplied to the end etfector 90. Communica-
tion between the power reception side transmitter 24¢ and
the power transmission side receiver 14d can be performed
by a publicly-known method such as amplitude modulation
or wireless LAN. In a case where the communication 1s
performed by amplitude modulation, the power reception
side transmitter 24¢ may include a load modulation circuit
connected to a stage preceding or following the rectifier
circuit 24a. The power transmission side receiver 14d may
include a demodulation circuit that reads information, for
example, on the basis of a change 1n amplitude of voltage
between the inverter circuit 14a and the power transmission
antenna 12.

In this example, the end eflector (load) 90 includes an
clectric storage device 91 and a power arrangement 92. The
clectric storage device 91 1s a secondary battery or a
capacitor and stores supplied electric power. The power
arrangement 92 includes one or more motors. IT not neces-
sary, the electric storage device 91 may be omitted.

FIG. 12B 15 a diagram showing another example configu-
ration of the electrodynamic apparatus 100. In this example,
the motor of the linear actuator 30 1s mounted in the second
arm 20. The linear actuator 30 1s supplied with DC power
outputted from the rectifier circuit 24a. This allows the
linear actuator 30 to move the second arm 20 with respect to
the first arm 10.

The following describes each of the constituent elements
in more detail.

FIG. 13 1s a diagram showing equivalent circuits of the
power fransmission antenna 12 and the power reception
antenna 22. The power transmission antenna 12 and the
power reception antenna 22 each has a configuration of a
resonant circuit including a coil and a capacitor as shown in
FIG. 13. Each of the antennas i1s not limited to a series
resonant circuit, but may be a parallel resonant circuit. Each
of the coils 12a and 22aq may for example be a planar coil
or laminated coil formed on a circuit substrate or a wire-
wound coil including a copper wire, a litz wire, or a twisted
wire. Bach of the capacitors used may for example be any
type of capacitor that has a chup shape or a lead shape. A
capacitance between two wires with air therebetween may
function as such a capacitor. These capacitors may be
replaced by the self-resonant characteristics of the respective
coils.

The resonant frequency 10 of a typical resonant circuit 1s
set to coincide with the transmaission frequency 1 at the time
of electric power transmission. The resonant frequency 10 of
cach of the resonant circuits does not need to strictly
coincide with the transmission frequency . For example, the
resonant frequency 10 may be set to take on a value falling
within the range of 50 to 150% of the transmission ire-
quency 1. The frequency 1 of electric power transmission

may be set to be for example 50 Hz to 300 GHz, more
preferably 20 kHz to 10 GHz, still more preferably 20 kHz

to 20 MHz, even more preferably 20 kHz to 1 MHz.
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The DC power source 5 may be any power source such as
a commercial power source, a primary battery, a secondary
battery, a solar battery, a fuel battery, a USB (umiversal serial
bus) power source, a high-capacity capacitor (such as an
clectric double layer capacitor), or a voltage converter
connected to a commercial power source.

FIG. 14 A 15 a diagram showing an example configuration
of the mverter circuit 14a. The inverter circuit 14a includes
a plurality of switching elements S1 to S4 that switch
between a conductive state and a non-conductive state in
accordance with pulse signals supplied from the pulse output
circuit 145. Inputted DC power can be converted into AC
power by switching each of the switching elements between
the conductive state and the non-conductive state. In the
example shown in FIG. 14A, the mverter circuit 14a 1s a
tull-bridge 1nverter circuit including four switching ele-
ments S1 to S4. In this example, each of the switching
clements 1s an IGBT (insulated-gate bipolar transistor).
Alternatively, each of the switching eclements may be
another type ol switching element such as a MOSFET
(metal-oxide semiconductor field-eflect transistor).

In the example shown in FIG. 14A, the switching ele-
ments S1 and S4 (referred to as “first pair of switching
clements™) of the four switching elements S1 to S4, when 1n
the conductive state, output a voltage of the same polarity as
the supplied DC voltage. Meanwhile, the switching elements
S2 and S3 (referred to as “second pair of switching ele-
ments’”) of the four switching elements S1 to S4, when 1n the
conductive state, output a voltage of the opposite polarity to
the supplied DC voltage. The pulse output circuit 145
supplies pulse signals to the gates of the four switching
clements S1 to S4 1n accordance with an instruction from the
power transmission control circuit 14¢. In so doing, the
amplitude of voltage that 1s outputted can be controlled by
adjusting the phase difference between two pulse signals that
are supplied to the first pair of switching elements (51 and
S4) and the phase difference between two pulse signals that
are supplied to the second pair of switching elements (52
and S3).

FIG. 14B 1s a diagram showing another example configu-
ration of the inverter circuit 14a. In this example, the
inverter circuit 14a 1s a hali-bridge 1inverter circuit. In a case
where a half-bridge inverter circuit 1s used, the aforemen-
tioned phase control cannot be applied. In this case, the
amplitude of output voltage can be controlled by controlling
a duty ratio of pulse signals that are mputted to the respec-
tive switching elements.

The inverter circuit 14a shown in FIG. 14B 1s a hali-
bridge 1nverter circuit including two switching elements S1
and S2 and two capacitors C1 and C2. The two switching
clements S1 and S2 and the two capacitors C1 and C2 are
connected 1n parallel. One end of the power transmission
antenna 12 1s connected to a point between the two switch-
ing elements S1 and S2, and the other end of the power
transmission antenna 12 1s connected to a point between the
two capacitors C1 and C2.

The power transmission control circuit 14¢ and the pulse
output circuit 145 supply pulse signals to the respective
switching elements so that the switching elements S1 and S2
are alternately turned on. This allows the DC power to be
converted mto AC power.

In this example, the output time ratio of output voltage V
(1.e. the proportion of a nonzero period to one cycle) can be
adjusted by adjusting the duty ratio of pulse signals (1.e. the
proportion of an on period to one cycle). This makes it
possible to adjust the amplitude of voltage of AC power that
1s inputted to the power transmission antenna 12. Such duty
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control can be similarly applied also 1n a case where a
tull-bridge 1nverter circuit such as that shown in FIG. 14A

1s used.

FIG. 15 1s a diagram showing an example configuration of
the rectifier circuit 24a. In this example, the rectifier circuit
24a 1s a full-wave rectifier circuit including a diode bridge
and a smoothing capacitor. The rectifier circuit 24a may
include another configuration of a rectifier circuit. The
rectifier circuit 24a recerves AC energy, converts the AC
energy 1mto DC energy that can be used by the end efiector
90 serving as a load, and outputs the DC power.

Embodiment 1 allows electric power to be transmitted
wirelessly via a movable part between the first arm 10 and
the second arm 20. This makes 1t possible to eliminate a
cable via which electric power 1s transmitted. This in turn
makes 1t possible to ease restrictions on the range of motion
of the end eflector. Further, this makes it possible to solve

the problem of cable deterioration or breakage described
with reference to FIGS. 2A and 2B.

Embodiment 2

FIG. 16 1s a diagram showing a configuration of an
clectrodynamic apparatus 100 according to Embodiment 2
of the present disclosure. The electrodynamic apparatus 100
according to Embodiment 2 differs from the electrodynamic
apparatus 100 according to Embodiment 1 in that the
mechanism that extends and retracts arms 1s replaced by a
mechanism that moves an arm 10 along a direction that a
support 30 extends.

The electrodynamic apparatus 100 includes an arm 10
extending 1n a {irst direction (which 1s the Y direction 1n the
example 1illustrated), a support 50 extending in a second
direction that 1s different from the first direction and sup-
porting the arm 10, and a linear actuator 40 that 1s provided
in the support 50 or the arm 10 moves the arm 10 along the
second direction. The support 50 includes a power trans-
mission antenna 52 and a power transmission circuit 34
connected to the power transmission antenna 32. The power
transmission circuit 34 includes an inverter circuit that
supplies AC power to the power transmission antenna 52.
The arm 10 includes a power reception antenna 13 and a
power reception circuit 16 connected to the power reception
antenna 13. The power reception circuit 16 includes a
rectifier circuit that converts AC power received by the
power reception antenna 13 1nto DC power and supplies the
DC power to an end eflector (load) 90. The power reception
antenna 13 and the end effector 90 are connected via a cable
80.

In Embodiment 2, the power transmission antenna 52
provided 1n the support 50 supplies electric power wirelessly
to the power reception antenna 13 provided in the arm 10.
The power reception antenna 13 supplies the supplied elec-
tric power to the end effector 90 electrically connected to the
power reception antenna 13 via the power reception circuit
16.

The power transmission antenna 52 includes a power
transmission coil 52a, and the power reception antenna 13
includes a power reception coil 13a. The power transmission
antenna 52 and the power reception antenna 13 are 1dentical
in configuration to the power transmission antenna 12 and
the power reception antenna 22 according to Embodiment 1.
That 1s, the power transmission coil 52a is electromagneti-
cally coupled to the power reception coil 13aq and supplies
clectric power to the power reception coil 13a wirelessly. A
power transmission surface surrounded by the outside edge
of the power transmission coil 32a and a power reception
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surface surrounded by the outside edge of the power recep-
tion coil 13a are parallel to the direction of a load applied to
the arm 10.

The power transmission circuit 34 connected to the power
transmission antenna 52 and the power reception circuit 16
connected to the power reception antenna 13 are 1dentical 1n
configuration to the power transmission circuit 14 and the
power reception circuit 24 according to Embodiment 1,
respectively. The power transmission circuit 54 includes an
inverter circuit connected between an external power source
and the power transmission antenna 32. AC power 1s sup-
plied from the inverter circuit to the power transmission
antenna 52. The power reception circuit 16 includes a
rectifier circuit connected between the power reception
antenna 13 and the end eflector 90. DC power 1s supplied
from the rectifier circuit to the end eflector 90 via the cable
80.

In Embodiment 2, the direction (first direction) that the
arm 10 extends 1s parallel to a horizontal direction, and the
direction (second direction) that the support 50 extends is
parallel to a vertical direction. However, this configuration
does not imply any limitation. For example, as shown 1n
FIG. 17, the first direction may be parallel to the vertical
direction, and the second direction may be parallel to the
horizontal plane.

FIG. 18 1s a diagram showing configurations of the
support 50 and the arm 10 1n more detail. As illustrated, the
power transmission coil 52a provided 1n the support 50 has
a wound wire that 1s longer 1n shape 1n the second direction
(which 1s the Z direction 1n this example) than that of the
power reception coil 13a provided 1n the arm 10. This keeps
the power transmission coil 52a and the power reception coil
13a facing each other even when the linear actuator 40
moves the arm 10 along the second direction.

The linear actuator 40 may be provided 1n the support 50,
or may be provided 1n the arm 10. Some of the components
of the linear actuator 40 may be provided 1n the support 50,
and the other may be provided 1n the arm 10. In a case where
the linear actuator 40 has 1ts motor provided 1n the support
50, DC power outputted from the external DC power source
1s supplied not only to the power transmission circuit 54 but
also to the linear actuator 40. In a case where the linear
actuator 40 has 1ts motor provided in the arm 10, DC power
supplied from the power reception circuit 16 1s supplied not
only to the end eflector 90 but also to the linear actuator 40.

In Embodiment 2, as in Embodiment 1, the power trans-
mission coil 52a and the power reception coil 13a are
disposed so that the power transmission surface of the power
transmission coil 52a and the power reception surface of the
power reception coil 13a are parallel to the direction of the
load applied to the arm 10. This makes 1t possible to prevent
the coupling coethlicient from fluctuating.

FIGS. 19A and 19B are diagrams for explaining this
cllect. FIG. 19A shows an eflect of a change 1n the load
applied to the arm 10 1n the configuration of Embodiment 2.
FIG. 19B shows an eflect of a change 1n a load applied to the
arm 10 1n a configuration of a modification of Embodiment
2. If, as shown 1n the example shown FIG. 19A, the power
transmission surface and the power reception surface are
perpendicular to the direction of the moment of a force
produced by the load, the state in which the coils face each
other 1s hardly broken even in a case where the end eflector
90 1s holding a heavy object. This makes it possible to
prevent a change in the coupling coeflicient. On the other
hand, 1n a case where, as shown in the example shown in
FIG. 19B, the power transmission surface and the power
reception surface are parallel to the direction of the moment
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of the force produced by the load, the state 1n which the coils
face each other 1s easily broken when the end effector 90 1s
holding a heavy object. This leads to a comparatively large
change 1n the coupling coeflicient.

Next, the modification of Embodiment 2 1s described.

FIG. 20 1s a diagram showing the modification of
Embodiment 2. In addition to the components shown 1n FIG.
16, the electrodynamic apparatus 100 illustrated includes a
mechanism that extends and retracts arms, as 1n Embodi-
ment 1. As 1n Embodiment 1, this electrodynamic apparatus
100 includes a second arm 20 at a distal end of which an end
cllector 90 1s provided and a linear actuator 30 that moves
the second arm 20 along a first direction (which 1s the Y
direction 1n this example) with respect to a first arm 10. This
allows the end eflector 90 to move not only along a second
direction (7 direction) but also along the first direction (Y
direction).

In Embodiment 2, the first arm 10 includes a power
reception antenna 13, a power transmission antenna 12, a
power reception circuit 16 connected between the power
reception antenna 13 and the power transmission antenna
12, and a power transmission circuit 14 connected between
the power reception antenna 13 and the power transmission
antenna 12. The second arm 20 includes a power transmis-
s10n circuit 24 connected between a power reception antenna
22 and the end eflector 90 (load).

FIG. 21 1s a block diagram showing a configuration of the
clectrodynamic apparatus 100 shown in FIG. 20. In this
example, the first arm 10 includes both the power reception
circuit 16 and the power transmission circuit 14. The power
reception circuit 16 includes a rectifier circuit 16a connected
between the power reception antenna 13 and the linear
actuator 30, a power reception control circuit 165, and a
power reception side transmitter 16¢. The power reception
circuit 16 1s identical 1n configuration to the power reception
circuit 24 provided in the second arm 20. The power
transmission circuit 14 includes an iverter circuit 14a
connected between the rectifier circuit 16a and the power
transmission antenna 12, a pulse output circuit 145, a power
transmission control circuit 14¢, and a power transmission
side recerver 14d. The power transmission circuit 14 1s
identical 1n configuration to the power transmission circuit
54 provided 1n the support 50. In this example, the motor of
the linear actuator 30 provided 1n the first arm 10 operates
on DC power outputted from the rectifier circuit 16a and
moves the second arm 20 along the Y direction.

In the example configuration of FIG. 21, the linear
actuator 30, which moves the second arm 20 along the first
direction (Y direction), 1s provided in the first arm 10.
Alternatively, as described with reference to FIG. 12B, the
second arm 20 may include the linear actuator 30. In that
case, the rectifier circuit 24a 1s connected between the power
reception antenna 22 and the linear actuator 30 and between
the power reception antenna 22 and the load (end eflector
90). Similarly, a linear actuator 40 that moves the first arm
10 along the second direction (7 direction) may be provided
in the first arm 10. In that case, as with the linear actuator 30,
the linear actuator 40 1s connected to a stage following the
rectifier circuit 16a and operates on DC power from the
rectifier circuit 16a.

As can be seen from FIG. 21, the electrodynamic appa-
ratus 100 according to Embodiment 2 can be said to be a
multistage interconnection wireless power transmission sys-
tem. The support 530 corresponds to a power transmission
apparatus. The first arm 10 corresponds to a relay apparatus
that performs power transmission and power reception. The
second arm 20 corresponds to a power reception apparatus.
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As shown 1n FIG. 20, the electrodynamic apparatus 100
according to Embodiment 2 includes a rotating mechanism

60 that rotates the support 50, the first arm 10, the second
arm 20, and the end effector 90 about an axis parallel to the
second direction (7 direction). Although FIG. 21 omits to
illustrate this rotating mechanism 60, wireless transmission
of electric power via a power transmission antenna and a
power reception antenna may be applied to the rotating
mechanism 60, too. The rotating mechanism 60, too, 1s
driven by electric power from the power source 3.

In addition to or instead of the rotating mechanism 60, the
clectrodynamic apparatus 100 may further include a second
rotating mechanism supported by the support 50. Such a
second rotating mechanism includes a motor that rotates, for
example, the first arm 10 about at least either an axis (which
1s the 7 direction in the example shown 1 FIG. 20) parallel
to the second direction or an axis (which 1s the X direction
in the example shown 1n FIG. 20) perpendicular to both the
first and second directions. This allows the end effector 90
to move with a higher degree of freedom.

FIG. 22 1s a diagram schematically showing an example
ol an electrodynamic apparatus 100 including such a second
rotating mechanism 60A. In this example, the electrody-
namic apparatus 100 includes the second rotating mecha-
nism 60A, which rotates the first arm 10 about an axis of
rotation extending in the X direction. This allows the arms
10 and 20 and the end eflector 90 to move upward and
downward.

In each of the embodiments described above, the second
arm 20 1s a single arm. Alternatively, the second arm 20 may
be a plurality of arms joined together one after another. Such
a second arm 20 further includes one or more joints for
determining the position and the posture. For a higher degree
of freedom, a hexaxial or heptaxial configuration 1s possible
in which a large number of joints are provided. The follow-
ing describes examples of such configurations.

FIG. 23A shows an example in which the second arm 20
includes a plurality of parts joined via joints (rotating
mechanisms) 60B and 60C. FIG. 23B shows an example in
which the second arm 20 includes a plurality of parts joined
via the joint 60B and has a telescopic mechanism at a distal
end thereof. FIG. 23C shows an example in which the
second arm 20 includes a plurality of parts joined via the
joints 60B and 60C. The example shown 1n FIG. 23C differs
from the example shown 1n FIG. 23A 1n term of the direction
of the axis of the joint 60C. FIG. 23D shows an example 1n
which there 1s no telescopic mechanism between the first
arm 10 and the second arm 20 but the second arm has the
joints 608 and 60C. In any of these configurations, the end
ellector 90 can move with a much higher degree of freedom.
In these examples, multiple stages of wireless power trans-
mission are performed inside of the second arm 20. The
multiple stages of wireless power transmission has a struc-
ture 1n which a plurality of relay apparatuses such as the first
arm 10 shown in FIG. 21 are jomned together one after
another.

Thus, the end effector 90 does not need to be connected
to a part of an arm directly joined to the first arm 10, but may
be provided at a distal end of a plurality of arm parts
constituting the second arm 20.

Embodiment 3

Next, Embodiment 3 of the present disclosure 1s
described. As 1n Embodiment 1, an electrodynamic appara-
tus according to Embodiment 3 includes a rotating mecha-
nism that rotates an arm with respect to a support and a
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direct-acting mechanism that extends and retracts an arm. In
making a rotational movement of an end effector provided at
a distal end of an arm, EFmbodiment 3 first retracts the arm
and then makes the rotational movement. This makes 1t
possible to reduce the torque needed for the rotation and cut
down on power use.

The inertia moment with which an object makes a rota-
tional movement 1s a value obtained by integrating all over
the object the product of the mass of each part of the object
and the square of the distance from that part to the axis of
rotation. Theretfore, in the case of a rotation with an arm
extended, the mertia moment 1s greater than 1n the case of a
rotation with the arm retracted. As a result, as the center of
gravity ol the arm becomes farther away from the center,
greater acceleration and deceleration torque 1s needed. This
puts a larger load on the motor. Further, a wider space 1s
required for rotation.

In order to solve such a problem, Embodiment 3 exercises
control to start a rotation after moving the center of gravity
ol the arm closer to the central axis. This reduces the load on
the motor and also enables a spatially compact movement.

FIG. 24 1s a diagram schematically showing a configu-
ration of an electrodynamic apparatus 100 according to
Embodiment 3. This electrodynamic apparatus 100 1s 1den-
tical 1 structure to the electrodynamic apparatus 100
according to Embodiment 1. That 1s, the electrodynamic
apparatus 100 includes a first arm 10 extending in a first
direction, a second arm 20 supported by the first arm 10, a
linear actuator 30 that 1s provided in the first arm 10 or the
second arm 20 and moves the second arm 20 along the first
direction with respect to the first arm 10, a support 50
extending in a second direction that 1s different from the first
direction and supporting the first arm 10, and a rotating
mechanism 60 that rotates the support 50 about an axis of
rotation parallel to the second direction. The rotating mecha-
nism 60 includes a motor whose rotation causes the support
50 to rotate. The first arm 10 includes a power transmission
antenna, and the second arm 20 include a power reception
antenna. The power transmission antenna supplies electric
power to the power reception antenna wirelessly. The power
reception antenna supplies the supplied electric power to a
load electrically connected to the power reception antenna.

A point of difference between the electrodynamic appa-
ratus 100 according to Embodiment 3 and the electrody-
namic apparatus 100 according to Embodiment 1 lies 1n how
the rotating mechanism 60 and the linear actuator 30 oper-
ate. The electrodynamic apparatus 100 1s configured such
that 1n rotating the support 50, the linear actuator 30 moves
the center of gravity of the second arm 20 closer to the axis
of rotation first. That 1s, 1n the placement shown 1n FIG. 24,
the linear actuator 30 moves the second arm 20 in the -Y
direction. Then, the rotating mechanism 60 rotates the
support 50 by a desired angle. Then, the linear actuator 30
moves the center of gravity of the second arm 20 away from
the axis of rotation to cause the end eflector 90 to reach a
desired place.

In order to achieve the foregoing operation, the electro-
dynamic apparatus 100 includes a control circuit 150 elec-
trically connected to the respective motors of the linear
actuator 30 and the rotating mechanism 60. The control
circuit 150 outputs control signals for controlling the motors
and thereby causes the linear actuator 30 and the rotating
mechanism 60 to execute the foregoing operation. The
control circuit 150 may be an integrated circuit, such as a
microcontroller, including a memory and a processor. It
should be noted that the control circuit 150 may be provided
in another apparatus that 1s independent of the electrody-
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namic apparatus 100. The control signals may be sent either
by cable or wirelessly from such an external control circuit
150 to the linear actuator 30 and the rotating mechanism 60.

FIG. 25 1s a conceptual diagram schematically showing
the foregoing operation according to Embodiment 3. In FIG.
235, the point O represents the position of the axis of rotation,
and the point A represents the initial position of the end
cllector 90. FIG. 25 shows a trajectory that the end eflector
90 follows 1n a case where the end eflector 90 moves from
the point A to the point B on the circumierence of a circle
of the same radius centered at the axis of rotation. As a
matter of course, the point A and the point B may be at
different distances from the point O. In FIG. 235, the black
circle represents the position of the end effector 90. Retract-
ing the arm 20 causes the end effector 90, which 1s at the
point A 1n the 1mitial state, to move to the point A'. Next, the
end eflector 90 rotates about the point O and moves to the
point B'. Then, extending the arm 20 causes the end eflector
90 to move to the point B.

FIG. 26 1s a flow chart showing steps of instructions that
the control circuit 150 gives to the electrodynamic apparatus
100 1n the foregoing operation. An operation 1s described
here 1n which the end effector 90 1s a hand and the hand grips
an article, moves to a predetermined place, and releases the
article. This operation may be achieved by the processor
executing a computer program stored 1n the memory of the
control circuit 150.

The control circuit 150 first instructs the end etfector 90
to grip an object (step S101). This mstruction 1s given, for
example, by control signals sent either by cable or wirelessly
from the control circuit 150 to motors provided 1n the end
cllector 90. Once the end effector 90 grips the object, the
control circuit 150 instructs the linear actuator 30 to retract
the movable arm 20 by a predetermined amount (step S102).
The amount of retraction of the movable arm 20 1s deter-
mined as appropriate according to the required speed of
operation, the performance of the motor of the rotating
mechanism 60, and room 1n the installation location. Next,
the control circuit 150 instructs the rotating mechanism 60
to rotate the arms 10 and 20 by a predetermined angle (step
S5103). The amount of rotation 1s set at an angle formed by
a segment from the point O to the point A and a segment
from the point O to the point B. Next, the control circuit 150
instructs the linear actuator 30 to extend the movable arm 20
to the intended length (step S104). Once the end eflector 90

reaches the point B, the control circuit 150 instructs the end
cllector 90 to release the object (step S103).

The foregoing operation allows the electrodynamic appa-
ratus 100 according to Embodiment 3 to reduce the load on
the motor provided in the rotating mechanism 60 and move
the end eflector 90 1n a spatially compact manner.

In such a case as that of Embodiment 3 where control 1s
exercised such that the distal end 1s retracted, then rotated,
and again extended, the frequency of extension and retrac-
tion by the linear actuator 30 1s high. In such a case as that
of the comparative example shown in FIGS. 2A and 2B
where a cable 1s present in places where extension and
retraction occur, i1t 1s necessary to provide a cableveyor
(registered trademark) that holds the cable during extension
and retraction. However, such a configuration causes the
cable to repeatedly bend every time extension and retraction
occur, thus leading to cable deterioration and breakage. This
makes 1t necessary to carry out maintenance such as regular
replacement of cables. On the other hand, Embodiment 3
applies a wireless power transmission system to the tele-
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scopic part and can therefore eliminate the cable. This makes
it possible to solve the problem of cable deterioration and
breakage.

Embodiment 4

FIG. 27 1s a diagram schematically showing a configu-
ration of an electrodynamic apparatus 100 according to
Embodiment 4 of the present disclosure. This electrody-
namic apparatus 100 differs from the electrodynamic appa-
ratus 100 according to Embodiment 3 1n that the rotating
mechanism 60 1s not provided at the base of the support 50
but provided at the junction between the support 50 and the
first arm 10. The electrodynamic apparatus 100 according to
Embodiment 4 includes a support 50, a rotating mechanism
that 1s supported by the support 50 and rotates about an axis
of rotation, a first arm 10 that extends 1n a first direction, 1s
coupled to the rotating mechanism 60, and rotates about the
axis of rotation, a second arm 20 supported by the first arm
10, and a linear actuator 30 that 1s provided 1n the first arm
10 or the second arm 20 and moves the second arm 20 along
the first direction with respect to the first arm 10. The
constituent elements 1s identical in structure to those of
Embodiment 3.

In Embodiment 4, as shown in FIG. 27, the rotating
mechanism 60 allows the end effector 90 to make upward
and downward rotational movements.

In Embodiment 4, too, performing an operation of rotat-
ing the arms 10 and 20 causes the problem described 1n
Embodiment 3. For this reason, in Embodiment 4, too, the
same control as that of Embodiment 3 1s exercised. That 1s,
in rotating the first arm 10, the linear actuator 30 moves the
center ol gravity of the second arm 20 closer to the axis of
rotation {irst, and then the rotating mechamsm 60 rotates the
first arm 10. Then, the linear actuator 30 moves the center of
gravity of the second arm 20 away from the axis of rotation.
Such an operation 1s achuieved by the control circuit 50
controlling the motors of the rotating mechanism 60 and the
linear actuator 30.

In Embodiment 4, too, 1n performing a rotating operation,
the second arm 20 1s retracted once and then rotated. This
makes 1t possible to reduce the loads on the motor provided
in the rotating mechanism 60 and move the end eflector 90
in a spatially compact manner.

It should be noted that, in Embodiment 4, too, as in
Embodiment 3, a rotating mechanism 60 that rotates the
support 50 may be provided. In that case, in performing an
operation of rotating the rotating mechanisms 60, the fore-
going control 1s exercised to enable a low-load and space-
saving operation in either rotating operation.

Next, other embodiments of the present disclosure are
exemplified.

FIG. 28 15 a diagram showing another embodiment of the
present disclosure. An electrodynamic apparatus according
to this embodiment includes an arm extending in a first
direction, a support 50 extending in a second direction that
1s different from the first direction and supporting the arm
10, a rotating mechanism 60 that rotates the support 50 about
an axis of rotation parallel to the second direction, and a
linear actuator 30 that moves the center of gravity of the arm
10 along the first direction. The linear actuator 30 1s pro-
vided 1n the support 50 or the arm 10. In this embodiment,
too, wireless power transmission via a power transmission
antenna and a power reception antenna 1s performed
between the support 50 and the arm 10.

In this embodiment, too, 1n rotating the arm 10, the linear
actuator 30 moves the center of gravity of the arm 10 closer




US 10,919,160 B2

23

to the axis of rotation of the rotating mechanism 60 first.
Then, the rotating mechamism 60 rotates the support 50.
Then, the linear actuator 30 moves the center of gravity of
the arm 10 away from the axis of rotation of the rotating
mechanism 60.

Such an operation makes 1t possible in the present
embodiment, too, to reduce the load on the motor of the
rotating mechanism 60 and make a space-saving movement.

FIG. 29A 1s a diagram showing an example of a change
in orientation of placement of the electrodynamic apparatus
100 according to Embodiment 3. In this example, the
clectrodynamic apparatus 100 1s installed on a wall surface,
and the arms 10 and 20 can rotate about an axis of rotation
parallel to the Y axis, which i1s parallel to the horizontal
plane.

FIG. 29B 1s a diagram showing the direction of the
moment of a force produced by a load in this example.
When, as shown on the left side of FIG. 29B, the arms 10
and 20 swing to the positive direction side of the X axis, the
direction of the moment of the force produced by the load 1s
the +Y direction. On the other hand, when, as shown on the
right side of FIG. 29B, the arms 10 and 20 swing to the
negative direction side of the X axis, the direction of the
moment ol the force produced by the load 1s the -Y
direction. In this example, an effect of this moment on the
coupling coellicient between the power transmission coil
and the power reception coil 1s diminished by disposing the
power transmission coil and the power reception coil so that
the power transmission surface and the power reception
surface are parallel to the XZ plane.

FIG. 30A 1s a diagram showing an example of a change
in orientation of placement of the electrodynamic apparatus
100 according to Embodiment 4. In this example, the
clectrodynamic apparatus 100 1s installed on a wall surface,

and the arms 10 and 20 can rotate about an axis of rotation
parallel to the X axis, which 1s parallel to the horizontal

plane.

FIG. 30B 1s a diagram showing the direction of the
moment of a force produced by a load in this example.
When, as shown on the left side of FIG. 30B, the arms 10
and 20 swing to the negative direction side of the Y axis, the
direction of the moment of the force produced by the load 1s
the +X direction. On the other hand, when, as shown on the
right side of FIG. 30B, the arms 10 and 20 swing to the
positive direction side of the Y axis, the direction of the
moment of the force produced by the load 1s the -X
direction. In this example, too, an eflect of this moment on
the coupling coetlicient between the power transmission coil
and the power reception coil 1s diminished by disposing the
power transmission coil and the power reception coil so that
the power transmission surface and the power reception
surface are parallel to the ZY plane.

As described above, the present disclosure encompasses
an electrodynamic apparatus and a control method according
to the following items.

[tem 1
An electrodynamic apparatus including:
a first arm extending in a first direction;
a second arm supported by the first arm; and

a {irst linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;
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wherein the first arm includes a first power transmission
antenna,
the second arm 1ncludes a first power reception antenna,
the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly,
and
the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
first power reception antenna.
Item 2
The electrodynamic apparatus according to Item 1,
wherein the first power transmission antenna includes a first
power transmission coil,
the first power reception antenna includes a first power
reception antenna, and
the first power transmission coil 1s electromagnetically
coupled to the first power reception antenna and sup-
plies the electric power to the first power reception coil
wirelessly.
Item 3
The electrodynamic apparatus according to Item 2,
wherein the first power transmission coil has a first power
transmission surface surrounded by an outside edge of the
first power transmission coil,
the first power reception coil has a first power reception
surface surrounded by an outside edge of the first
power reception coil, and
the first power transmission surface and the first power
reception surface are parallel to a direction of a load
applied to the second arm.
Item 4
The electrodynamic apparatus according to any one of
Items 1 to 3, further including a support extending 1n a
second direction that 1s different from the first direction and
supporting the first arm.
Item 5
The electrodynamic apparatus according to Item 4, further
including a second linear actuator that 1s provided in the
support or the first arm and moves the first arm along the
second direction,

wherein the support includes a second power transmission
antenna,
the first arm further includes a
antenna, and
the second power transmission antenna supplies electric
power to the second power reception antenna wire-
lessly.
Item 6
The electrodynamic apparatus according to Item 3,
wherein the second power transmission antenna includes a
second power transmission coil,
the second power reception antenna includes a
power reception antenna, and
the second power transmission coil 1s electromagnetically
coupled to the second power reception antenna and
supplies electric power to the second power reception
coill wirelessly.
Item 7
The electrodynamic apparatus according to Item 6,
wherein the second power transmission coil has a second
power transmission surface surrounded by an outside edge
of the second power transmission coil,
the second power reception coil has a second power
reception surface surrounded by an outside edge of the
second power reception coil, and

second power reception

second
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the second power transmission surface and the second
power reception surface are parallel to a direction of a
load applied to the first arm.
Item 3
The electrodynamic apparatus according to any one of
[tems 5 to 7, wherein the first arm includes the first linear
actuator,
the first arm further includes a first rectifier circuit con-
nected between the second power reception antenna
and the first linear actuator and a first inverter circuit
connected between the first rectifier circuit and the first
power transmission antenna, and
the second arm further includes a second rectifier circuit
connected between the first power reception antenna
and the load.
Item 9
The electrodynamic apparatus according to any one of
[tems 5 to 7, wherein the second arm includes the first linear
actuator, and
the second arm further includes a rectifier circuit con-
nected between the first power reception antenna and
the first linear actuator and between the first power
reception antenna and the load.
Item 10
The electrodynamic apparatus according to any one of
Items 5 to 9, further including a first rotating mechanism that
rotates the support about an axis parallel to the second
direction.
Item 11
The electrodynamic apparatus according to any one of
Items 5 to 10, further including a second rotating mechanism
that rotates the first arm about at least either an axis parallel
to the second direction or an axis perpendicular to both the
first and second directions.
Item 12
The electrodynamic apparatus according to any one of
Items 1 to 11, further including an end effector disposed at
a distal end of the second arm,
wherein the load 1s the end e
Item 13
An electrodynamic apparatus including:
an arm extending 1n a first direction;
a support extending 1n a second direction that 1s diflerent
from the first direction and supporting the arm; and
a linear actuator that 1s provided in at least either the
support or the arm and moves the arm along the second
direction,
wherein the support includes a power transmission
antenna,
the arm includes a power reception antenna,
the power transmission antenna supplies electric power to
the power reception antenna wirelessly, and
the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna.
Item 14
The electrodynamic apparatus according to Item 13,
wherein the power transmission antenna includes a power
transmission coil,
the power reception antenna includes a power reception
coil, and
the power transmission coil 1s electromagnetically

coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly.

e
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Item 15

The electrodynamic apparatus according to Item 14,
wherein the power transmission coil has a power transmis-
sion surface surrounded by an outside edge of the power
transmission coil,

the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and

the power transmission surface and the power reception
surface are parallel to a direction of a load applied to
the arm.

Item 16

The electrodynamic apparatus according to any one of
Items 13 to 15, wherein the support further includes an
inverter circuit connected to the power transmission
antenna, and

the arm further includes a rectifier circuit connected
between the power reception antenna and the load.

Item 17

The electrodynamic apparatus according to any one of
Items 13 to 16, further including a first rotating mechanism
that rotates the support about an axis parallel to the second
direction.
Item 13

The electrodynamic apparatus according to any one of
Items 13 to 17, further including a second rotating mecha-
nism that rotates the arm about at least either an axis parallel
to the second direction or an axis perpendicular to both the
first and second directions.
Item 19

The electrodynamic apparatus according to any one of
Items 13 to 18, further including an end effector disposed at
a distal end of the arm,

wherein the load 1s the end ellector.
Item 20

An electrodynamic apparatus including:

a first arm extending 1n a first direction;

a second arm supported by the first arm;

a linear actuator that i1s provided in the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

a support extending 1n a second direction that 1s different
from the first direction and supporting the first arm; and

a rotating mechanism that rotates the support about an
ax1is of rotation parallel to the second direction,

wherein the first arm includes a power transmission
antenna,

the second arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly,

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna, and

in rotating the support, the linear actuator moves the
center of gravity of the second arm closer to the axis of
rotation first, and then the rotating mechanism rotates
the support.

Item 21

The electrodynamic apparatus according to Item 20,
wherein in rotating the support, the linear actuator moves the
center of gravity of the second arm closer to the axis of
rotation {irst, and then the rotating mechanism rotates the
support, and then the linear actuator moves the center of
gravity ol the second arm away from the axis of rotation.
Item 22

The electrodynamic apparatus according to Item 20 or 21,
further including a control circuit that controls the linear
actuator and the rotating mechanism,

"y
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wherein 1n rotating the support, the control circuit con-
trols the linear actuator to move the center of gravity of
the second arm closer to the axis of rotation first, and
then controls the rotating mechanism to rotate the
support. d

Item 23

The electrodynamic apparatus according to Item 22,
wherein 1n rotating the support, the controller controls the
linear actuator to move the center of gravity of the second
arm closer to the axis of rotation first, then controls the
rotating mechanism to rotate the support, and then controls
the linear actuator to move the center of gravity of the
second arm away from the axis of rotation.

Item 24 15

The electrodynamic apparatus according to any one of
Items 20 to 23, wherein the rotating mechanism includes a
motor whose rotation causes the support to rotate.

Item 25

An electrodynamic apparatus including:

a support;

a rotating mechamsm that 1s supported by the support and
rotates about an axis of rotation;

a first arm that extends 1n a first direction, 1s coupled to the
rotating mechanism, and rotates about the axis of
rotation;

a second arm supported by the first arm; and

a linear actuator that 1s provided in the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm,

wherein the first arm includes a power transmission
antenna,

the second arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly,

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna, and

in rotating the first arm, the linear actuator moves the
center ol gravity of the second arm closer to the axis of
rotation first, and then the rotating mechanism rotates

the first arm.
Item 26
The electrodynamic apparatus according to Item 25, 45
wherein 1n rotating the first arm, the linear actuator moves
the center of gravity of the second arm closer to the axis of
rotation {irst, and then the rotating mechanism rotates the
first arm, and then the linear actuator moves the center of
gravity of the second arm away from the axis of rotation.
Item 27
The electrodynamic apparatus according to Item 25 or 26,
turther including a control circuit that controls the linear
actuator and the rotating mechanism,
wherein 1n rotating the first arm, the control circuit 55
controls the linear actuator to move the center of
gravity of the second arm closer to the axis of rotation
first, and then controls the rotating mechanism to rotate
the first arm.
Item 23
The electrodynamic apparatus according to Item 27,
wherein 1n rotating the first arm, the controller controls the
linear actuator to move the center of gravity of the second
arm closer to the axis of rotation first, then controls the
rotating mechanism to rotate the first arm, and then controls
the linear actuator to move the center of gravity of the
second arm away from the axis of rotation.
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Item 29
The electrodynamic apparatus according to any one of
Items 25 to 28, wherein the rotating mechanism includes a
motor whose rotation causes the second arm to rotate.
Item 30
The electrodynamic apparatus according to any one of
Items 20 to 29, wherein the power transmission antenna
includes a power transmission coil,
the power reception antenna includes a power reception
coil, and
the power transmission coil 1s electromagnetically
coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly.
Item 31
The electrodynamic apparatus according to Item 30,
wherein the power transmission coil has a power transmis-
sion surface surrounded by an outside edge of the power
transmission coil,
the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and
the power transmission surface and the power reception
surface are parallel to a direction of a load applied to
the second arm.
Item 32
The electrodynamic apparatus according to any one of
Items 20 to 31, wherein the first arm further includes an
inverter circuit connected to the power transmission
antenna, and
the second arm further includes a rectifier circuit con-
nected between the power reception antenna and the

load.
Item 33
The electrodynamic apparatus according to any one of
Items 20 to 32, further including an end effector disposed at
a distal end of the second arm,
wherein the load 1s the end eflector.
Item 34

A method for controlling an electrodynamic apparatus,

the electrodynamic apparatus including;:

a first arm including a power transmission antenna and
extending 1n a first direction;

a second arm including a power reception antenna and
supported by the first arm;

a linear actuator that is provided in the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

a support extending 1n a second direction that 1s diflerent
from the first direction and supporting the first arm; and

a rotating mechanism that rotates the support about an
ax1is of rotation parallel to the second direction,

wherein the power transmission antenna supplies electric
power to the power reception antenna wirelessly, and

the power reception antenna supplies the supplied electric
power to a load electrically connected to the power
reception antenna,

the method 1ncluding, 1n rotating the support, controlling
the linear actuator to move the center of gravity of the
second arm closer to the axis of rotation first, and then
controlling the rotating mechanism to rotate the sup-
port.

Item 35

A method for controlling an electrodynamic apparatus,

the electrodynamic apparatus including:

a support;

a rotating mechanism that 1s supported by the support and
rotates about an axis of rotation;

e
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a first arm that extends 1n a first direction, 1s coupled to the
rotating mechanism, and rotates about the axis of
rotation;

a second arm supported by the first arm; and

a linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm,

wherein the first arm includes a power transmission
antenna,

the second arm includes a power reception antenna,

the power transmission antenna supplies electric power to
the power reception antenna wirelessly, and
the power reception antenna supplies the supplied electric

power to a load electrically connected to the power
reception antenna,

the method including, 1n rotating the first arm, controlling
the linear actuator to move the center of gravity of the
second arm closer to the axis of rotation first, and then
controlling the rotating mechanism to rotate the first
arm.

Item 36
The method according to Item 34 or 335, wherein after the

support has been rotated, the linear actuator 1s controlled to

move the center of gravity of the second arm away from the
axis ol rotation.

The art of the present disclosure 1s applicable to an
clectrodynamic apparatus such as a robot that 1s used, for
example, 1 a factory.

What 1s claimed 1s:

1. An electrodynamic apparatus comprising:

a first arm extending in a first direction;

a second arm extending in the first direction, the second

arm being supported by the first arm;

a {irst linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

a support extending in a second direction that 1s orthogo-
nal to the first direction and supporting the first arm;

a rotating mechanism including a motor that rotates the
support about an axis of rotation parallel to the second
direction;

a memory that stores mstructions; and

a processor, when executing the instructions stored in the
memory, that performs operations 1ncluding;:

causing the first linear actuator to move the center of
gravity of the second arm towards the axis of rotation
first, and then causing the rotating mechanism to rotate
the support; and

causing the first linear actuator to move the center of
gravity ol the second arm away from the axis of
rotation after causing the rotating mechanism to rotate
the support,

wherein the first arm includes a first power transmission
antenna, the second arm includes a first power recep-
tion antenna,

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly,

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
first power reception antenna,

wherein the support includes a second power transmission
antenna,

the first arm further includes a second power reception
antenna,

the second power transmission antenna supplies electric
power to the second power reception antenna wire-
lessly, and
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the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly
by using the supplied electric power to the second
power reception antenna, and

wherein the power transmission antenna includes a power
transmission coil,

the power reception antenna includes a power reception
coil,

the power transmission coil 1s electromagnetically
coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly,

the power transmission coil has a power transmission
surface surrounded by an outside edge of the power
transmission coil,

the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and

the power transmission surface and the power reception
surface are parallel to the second direction,

a size ol the power transmission coil 1n the first direction
1s larger than a size of the power reception coil 1n the
first direction,

a size ol the power transmission coil 1 the second
direction 1s larger than a size of the power reception
coil 1n the second direction.

2. The electrodynamic apparatus according to claim 1,
wherein the first arm further includes an inverter circuit
connected to the first power transmission antenna, and

the second arm further includes a rectifier circuit con-
nected between the first power reception antenna and
the load.

3. The electrodynamic apparatus according to claim 1,
further comprising an end effector disposed at a distal end of
the second arm,

wherein the load 1s the end eflector.

4. The electrodynamic apparatus according to claim 1,
further comprising a second linear actuator that 1s provided
in the support or the first arm and moves the first arm along
the second direction.

5. An electrodynamic apparatus comprising:

a support;

a rotating mechanism including a motor that 1s supported

by the support and rotates about an axis of rotation;

a first arm extending 1n a first direction, the first arm being
coupled to the rotating mechanism and being config-
ured to rotate about the axis of rotation;

the support extending i a second direction that is
orthogonal to the first direction and supporting the first
arm;

a second arm extending in the first direction, the second
arm being supported by the first arm;

a first linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm; and

a memory that stores instructions; and

a processor, when executing the instructions stored in the
memory, that performs operations including:

causing the first linear actuator to move the center of
gravity of the second arm towards the axis of rotation
first, and then causing the rotating mechanism to rotate
the support; and

causing the first linear actuator to move the center of
gravity ol the second arm away from the axis of
rotation after causing the rotating mechanism to rotate
the support,
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wherein the first arm includes a first power transmission
antenna, the second arm includes a first power recep-
tion antenna,

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly,

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
{irst power reception antenna,

wherein the support includes a second power transmission
antenna, the first arm further includes a second power
reception antenna,

the second power transmission antenna supplies electric
power to the second power reception antenna wire-
lessly, and

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly
by using the supplied electric power to the second
power reception antenna, and

wherein the power transmission antenna includes a power
transmission coil,

the power reception antenna includes a power reception
coil,

the power transmission coil 1s electromagnetically
coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly,

the power transmission coil has a power transmission
surface surrounded by an outside edge of the power
transmission coil,

the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and

the power transmission surface and the power reception
surface are parallel to the second direction,

a size of the power transmission coil 1n the first direction
1s larger than a size of the power reception coil 1n the
first direction,

a size of the power transmission coil in the second
direction 1s larger than a size of the power reception
coil 1n the second direction.

6. The eclectrodynamic apparatus according to claim 5,
turther comprising a second linear actuator that 1s provided
in the support or the first arm and moves the first arm along
the second direction.

7. A method for controlling an electrodynamic apparatus,
the electrodynamic apparatus including:

a first arm including a first power transmaission antenna

and extending 1n a first direction;

a second arm including a first power reception antenna,
the second arm extending in the first direction and
supported by the first arm;

a {irst linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

a support extending in a second direction that 1s orthogo-
nal to the first direction and supporting the first arm;

a rotating mechanism including a motor that rotates the
support about an axis of rotation parallel to the second
direction; and

wherein the first power transmission antenna supplies
clectric power to the first power reception antenna
wirelessly, and

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
first power reception antenna,

the method comprising a processor, when executing
istructions stored in a memory, performing operations
including;
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controlling the first linear actuator to move the center of
gravity of the second arm to the axis of rotation first,
and then controlling the rotating mechanism to rotate
the support,

controlling the first linear actuator to move the center of
gravity ol the second arm away from the axis of
rotation after controlling the rotating mechamsm to
rotate the support,

wherein the support includes a second power transmission
antenna, the first arm further includes a second power
reception antenna,

the second power transmission antenna supplies electric
power to the second power reception antenna wire-
lessly, and

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly
by using the supplied electric power to the second
power reception antenna, and

wherein the power transmission antenna includes a power
transmission coil,

the power reception antenna includes a power reception
coil,

the power transmission coil 1s electromagnetically
coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly,

the power transmission coil has a power transmission
surface surrounded by an outside edge of the power
transmission coil,

the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and

the power transmission surface and the power reception
surface are parallel to the second direction,

a size of the power transmission coil in the first direction
1s larger than a size of the power reception coil 1n the
first direction,

a size ol the power transmission coil 1 the second
direction 1s larger than a size of the power reception
coil 1n the second direction.

8. A method for controlling an electrodynamic apparatus,

the electrodynamic apparatus including;

a support;

a rotating mechanism including a motor that 1s supported
by the support and rotates about an axis of rotation;

a first arm that extends in a first direction, 1s coupled to the
rotating mechanism, and rotates about the axis of
rotation;

the support extending i a second direction that 1is
orthogonal to the first direction and supporting the first
arm;

a second arm extending in the first direction and sup-
ported by the first arm;

a first linear actuator that 1s provided in the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm; and

wherein the first arm includes a first power transmission
antenna, the second arm includes a first power recep-
tion antenna,

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly,
and

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the
first power reception antenna,

the method comprising a processor, when executing the
instructions stored 1n the memory, that performs opera-
tions ncluding:
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controlling the first linear actuator to move the center of
gravity of the second arm to the axis of rotation {first,
and then controlling the rotating mechanism to rotate
the first arm, and

controlling the first linear actuator to move the center of
gravity ol the second arm away from the axis of
rotation after controlling the rotating mechamsm to
rotate the support,

wherein the support includes a second power transmission
antenna, the first arm further includes a second power
reception antenna,

the second power transmission antenna supplies electric
power to the second power reception antenna wire-
lessly, and

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly
by using the supplied electric power to the second
power reception antenna, and

wherein the power transmission antenna includes a power
transmission coil,

the power reception antenna includes a power reception
coil,

the power transmission coil 1s electromagnetically
coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly,

the power transmission coil has a power transmission
surface surrounded by an outside edge of the power
transmission coil,

the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and

the power transmission surface and the power reception
surface are parallel to the second direction,

a size of the power transmission coil 1n the first direction
1s larger than a size of the power reception coil 1n the
first direction,

a size of the power transmission coil in the second
direction 1s larger than a size of the power reception
coil 1n the second direction.

9. A method for driving an electrodynamic apparatus, the

clectrodynamic apparatus including;:

a first arm extending in a first direction and including a
first power transmission antenna;

a second arm supported by the first arm, the second arm
extending in the first direction and including a first
power reception antenna;

a {irst linear actuator that 1s provided 1n the first arm or the
second arm and moves the second arm along the first
direction with respect to the first arm;

a support extending 1n a second direction that 1s orthogo-
nal to the first direction and supporting the first arm;
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a rotating mechanism including a motor that rotates the
support about an axis of rotation parallel to the second
direction; and

wherein the first power transmission antenna supplies
clectric power to the first power reception antenna
wirelessly, and

the first power reception antenna supplies the supplied
clectric power to a load electrically connected to the

first power reception antenna,
wherein the support includes a second power transmission

antenna,
the first arm further includes a second power reception

antenna,
the second power transmission antenna supplies electric

power to the second power reception antenna wire-
lessly, and

the first power transmission antenna supplies electric
power to the first power reception antenna wirelessly
by using the supplied electric power to the second
power reception antenna,

the method comprising a processor, when executing
istructions stored 1n a memory, that performs opera-
tions including controlling the first linear actuator to
move the center of gravity of the second arm to the axis
of rotation {first and thereafter controlling the rotating
mechanism to rotate the support, and

controlling the first linear actuator to move the center of
gravity of the second arm away from the axis of
rotation after controlling the rotating mechanism to
rotate the support, and

wherein the power transmission antenna includes a power
transmission coil,

the power reception antenna includes a power reception
coil,

the power ftransmission coil 1s electromagnetically
coupled to the power reception coil and supplies elec-
tric power to the power reception coil wirelessly,

the power transmission coil has a power transmission
surface surrounded by an outside edge of the power
transmission coil,

the power reception coil has a power reception surface
surrounded by an outside edge of the power reception
coil, and

the power transmission surface and the power reception
surface are parallel to the second direction,

a size ol the power transmission coil 1n the first direction
1s larger than a size of the power reception coil 1in the
first direction,

a size ol the power transmission coil 1 the second
direction 1s larger than a size of the power reception
coil 1n the second direction.
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